AUDIO 


INDUSTRIAL 


COMMUNICATIONS 


BROADCAST  AM  A  FM 


TYPE 

4-lOOOA 


Voltaq*  .....  7.5  voltj 

Currant . amparai 

6rid-Scr««n  Amplification  Factor  (Avtraga)  7.2 
Diract  Intaralactroda  Capacitance*  (Araraqa) 
Grid-Plata  (without  shialdinq,  bate 

grounded)  ....  0.2d  ijufd 

Input . 27.1  pufd 

Output . 7.4  iiufd 

Transconductance  (i^x  300  ma.,  s 

7500  V..  E, .«  500  V.)  .  -  10.000  iimhot 

RADIO  FREQUENCY  POWER  AMPLIFIER 
AND  OSCILLATOR 
Class-C  Telegraphy 
(Key-down  conditions,  per  tube) 

MAXIMUM  RATINGS 
D-C  Plate  Voltage  - 
0-C  Screen  Voltage 
D-C  Grid  Voltage  • 

D-C  Plate  Current  - 
Plate  Dissipation 
Screen  Dissipation  ■ 

Grid  Dissipation 

TYPICAL  OPERATION 
(Frequencies  below  40  Me.) 

D-C  Plate  Voltage 
D-C  Screen  Voltage  - 
D-C  Grid  Voltage  • 

D-C  Plate  Current  - 
D-C  Screen  Current  - 
D-C  Grid  Currant 
Screen  Dissipation 
Grid  Dissipation 
Peak  R-F  Grid  Input  Voltage 
(appro*.) 

Driving  Power  (appro*. )  • 

Plate  Power  Input 
Plate  Dissipation 
Plate  Power  Output  - 


licensed 


4000  Mas  Volts 
1000  Ma*  Volts 
-500  Mas  Volts 
700  Ma*.  ma 
1000  Mas  Watts 
75  Mas.  Watts 
25  Mas  Watts 


so 

a  diagr, 

’  p/a, 


“  aes/gn  to 

'"^strated 

''^d'cattng 

seals 

The 

'  socket. 


4000  Volts 
500  Volts 
-200  Volts 
481  ma 
141  ma 
41  ma 
71  Watts 
4.1  Watts 


lent  re¬ 
in  tele- 
ansmit- 
ansmit- 
to  Du- 


348  Volts 
14  J  Watts 
4084  Watts 
744  Watts 
3340  Watts 
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Eiport  Agents:  Fraiar  8  Hansen,  301  Clay  Street. 
San  Francisco,  II,  California 


EITEL-McCULLOUGH,  Inc.,  185  San  Mateo  Avenue,  San  Bruno,  Californio 
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BUSINESS  BRIEfS 


Design  engineers  recognize  that  peak 
frequency  precision  depends  greatly 
on  close  correlation  between  crystals 
and  their  associated  oscillator  circuits. 
In  the  region  above  20  me  it  is  equally 
true  that  circuit  design  can  make  a 
significant  difference  in  drive  secured 
from  the  oscillator  stage.  Complete 
uniformity  of  construction  and  care¬ 
ful  control  of  component  tolerances 
assumes  extreme  importance. 

Bliley  is  now  prepared  to  design 
and  build  packaged  oscillators  for  pre¬ 
cision  VHF  applications  between  20 
me  and  200  me.  Consistent  perform¬ 
ance  of  overtone  crystals  and  mainte¬ 
nance  of  operating  tolerances  to 


±.005%  or  better  over  wide  tempier- 
ature  ranges  is  assured  by  considera¬ 
tion  of  all  significant  factors  in  a  pack¬ 
age  of  this  kind.  The  result  is  a  pre¬ 
cise  frequency  source  that  has  suffi¬ 
cient  power  to  meet  design  ratings. 

One  possible  form  of  packaged  oscil¬ 
lator  is  shown  in  the  picture.  Space 
requirements  in  the  equipment  will 
determine  whether  a  subchassis  or 
plug-in  unit  is  most  desirable.  BUley, 
with  over  fifteen  years  experience  in 
frequency  control  applications,  is  ex¬ 
ceptionally  qualified  to  assume  respon¬ 
sibility  for  the  complete  frequency 
package  from  conception  to  delivery. 


This  custom-service  is  lim¬ 
ited,  at  present,  to  applica¬ 
tions  involving  production 
quantities.  Inquiries,  giv¬ 
ing  detailed  performance 
specifications,  are  invited. 


BLILEY  ELECTRIC  COMPANY  union  station  building 


(contii 


are  well  enough  financed  to  pay  the 
bills  until  revenue  from  sponsored 
programs  takes  up  the  load  and  (2) 
that  the  chance  of  commercial  sue- 
cess  is  twice  as  good  in  towns  hav¬ 
ing  no  competitive  station. 


Size  And  Cost  of  average  exist¬ 
ing  broadcast  transmitter  build¬ 
ings,  determined  by  Western  Elec¬ 
tric  in  a  610-station  survey,  is  at 
follows : 


POWER 

(w»tta) 

2S0 

SSO 

1,000 

1,000 

8,000 

8,000 

6.000 

10,000 

10,000 

60,000 

60,000 

•tr 


SERVICE 
•-m  or  f-m 
o-m  or  f-m 
»4norf-m 
•.411  or  f-m 
f-m 
f-m 
•-m 
f-m 
f-m 
•-m 
f-m 


TYPE* 
tr 


SIZE 

(ou  ft)  COST 
5,300  13.700 


trandatu  19,100  is' 


7,200  sieob 
trandstu  21,000  16,300 
tr  17,000  10,700 
trandstu  30,600  30,000 
tr  20,000  17,000 
tr  30,800  22,700 
trandstu  61,000  46,800 
U  57,600  40,800 
tr  39,100  43,300 


transmitter  buildinK  only,  tr  and  ttu- 


combination  transmitter  building  and  studios. 


Today’s  construction  costs  would, 
of  course,  be  considerably  higher 
than  the  averages  shown,  since 
these  cover  construction  over  the 
period  between  1930  and  1947. 


Rooftop  Rents  asked  by  owners 
of  tall  buildings  are  a  matter  of 
concern  to  many  prospective  opera¬ 
tors  of  vhf  and  uhf  transmitters. 
The  concern  is  particularly  acute 
among  people  who  wish  to  operate 
point-to-point  communications,  com¬ 
mon-carrier,  and  relay  services 
which  must  necessarily  function  at 
low  cost. 

Realtors  would  do  well  to  care¬ 
fully  study  space  and  facility 
requirements  before  quoting.  Serv¬ 
ices  such  as  those  mentioned  fre¬ 
quently  require  just  a  small  comer 
for  equipment,  need  little  power 
and  service,  can  often  utilize  exist¬ 
ing  structures  for  antenna  support, 
and  generally  leave  the  lion’s  share 
of  the  rooftop  available  for  f-m  and 
television  broadcast  station  rental. 


Technical  Dictation  throws  in¬ 
experienced  stenographers  for  a 
loss.  One  of  the  boys  on  the  edi¬ 
torial  staff  of  Electronics  was 
momentarily  puzzled  the  other  day 
by  a  letter  dealing  with  steam  power 
tubes. 


We  hear  that  a  mid-western 
manufacturer  is  perfecting  a  pro¬ 
tective  system  for  large  industrial 
plants.  Watchmen  carry  con¬ 
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cealed  radio  transmitters  operat¬ 
ing  around  150  me.  When  trouble 
is  encountered  the  transmitters  go 
into  action,  a  neon  lamp  on  the 
panel  of  a  centrally  located  re¬ 
ceiver  flashes  a  warning  and  the 
watchman’s  code  number  is  indi¬ 
cated  by  a  tape  recorder. 

“Radio  Tube  Design  is  largely  a 
matter  of  compromise,”  says  Hy- 
tron’s  Vin  Ulrich.  “The  manufac¬ 
turer  who  hits  upon  the  most  satis¬ 
factory  combination  of  compro¬ 
mises  is  the  one  who  has  the  most 
widely  accepted  tube  types  for 
given  applications.” 

Small  Boat  Owners  tune  from 
one  a-m  broadcast  station  to  an¬ 
other,  hoping  against  hope  that 
something  resembling  a  complete 
weather  forecast  will  be  appended  to 
news  programs.  Stations  located 
near  water  could  make  a  lot  of 
friends  by  more  regularly  including 
wind  direction  and  velocity. 

Coast  Guard  stations  operating 
near  2,600  kc  transmit  weather 
forecasts  two  or  three  times  a  day 
but  hesitate  to  increase  the  fre¬ 
quency  of  this  service  because  dis¬ 
semination  of  such  information  is 
officially  the  business  of  the 
Weather  Bureau.  Many  yachtsmen 
wish  the  matter  of  appropriations 
could  be  arranged  to  permit  closer 
cooperation  between  the  two  gov¬ 
ernment  agencies.  More  power  and 
personnel  for  Coast  Guard  stations 
would  also  pay  dividends  in  safety 
at  sea. 

Step  In  Right  Direction  is  Gen¬ 
eral  Instrument’s  recently  inaugu¬ 
rated  $500,000  research  and  engi¬ 
neering  program  designed  to  reduce 
the  cost  of  major  components  used 
by  television  receiver  manufactur¬ 
ers. 


f  WARD 
^LEONARD 
^  calls  on 

ikhaydon 


in  TIME  DELAY  RELAYS 


Ward  Leonard  is  one  of  many  reputable  manufacturers  of  fine  quality 
timers,  time  delay  relays  and  electrical  control  apparatus, who  depend 
upon  the  versatility  and  adaptability  of  the  Haydon  synchronous 
motors  in  the  design  of  superior  products. 

The  time  delay  relay  illustrated  is  designed  primarily  for  such  industrial 
applications  as  delayed  timing  for  preheating  electronic  tube  filaments 
before  applying  voltage  and  sequence  timing  in  motor  controllers. 
The  Haydon  1600  motor  provides  almost  instantaneous  self-recycling 
on  breaking  the  pilot  circuit  through  means  of  a  magnetic  shift;  choice 
of  standard  motor  speeds  make  possible  a  wide  range  of  adjustable 
time  delay  periods  and  the  built-in  one-way  friction  prevents  damage 
to  motor  on  return  travel  of  the  cam. 

Take  time  to  talk  time  with  Haydon  engineers  on  this  and  other  appli¬ 
cations.  A  fully  illustrated  Engineering  Data  Catalog  is  yours  for 
the  asking. 

WRITE  HAYDON,  2400  ELM  STREET,  TORRINGTON,  CONN. 


Unnoticed  by  most  of  the  men 
who  attended  the  recent  NAB  con¬ 
vention  at  Atlantic  City,  the  air¬ 
craft  beacon  on  top  of  one  of  the 
several  antenna  towers  on  display 
in  the  exhibit  hall  put  out  not  only 
conventional  flashes  but  also  an 
occasional  group  of  most  uncon¬ 
ventional  code  words.  It  seems 
that  the  boys  running  the  exhibit 
got  a  little  bored,  rigged  up  an 
extra  set  of  cams  and  switched 
them  in  when  things  began  to  pall. 


HAYDON 


MANUFACTURING  COMPANY,  INC. 


TORRINGTON 


CONNECTICUT 


HARNtSS  TIMt  TO 


YOUR  PRODUCTS 


SUBSIDIARY  OF  GENERAL  TIME  INSTRUMENTS  CORPORATION 


FORMERLY  LOCATED  AT  FORESTVILLE,  CONNECTICUT 
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NOW.  .  .  New  Types  of 

ELKONITE*  CONTACTS 

for  Light  Duty  Applications  Like  This 


For  quite  a  number  of  years  now 
Elkonite  has  been  the  standard  contact 


J.  Elkonite  has  been  the  standard  contact 
material  for  heavy-duty  circuit  interrupting 
equipment.  A  Mallory-develoju^d  material, 
Elkonite  has  been  famous  for  its  hardness 
and  electrical  conductivity — for  its  re¬ 
sistance  to  sticking,  to  erosion  by  arcing, 
to  mechanical  wear  and  impact. 


hardness.  It  is  superior  to  most  lum-silver 
alloys  in  its  impntved  finished  and  uniform 
contour,  which  requires  m*  machining. 
And  it  is  lower  in  cost  than  standard 
Ellkonite — availal)le  in  smaller  sizes,  too. 
On  the  other  hand,  it  will  lutt  resist  ex¬ 
tremely  heavy  arcing,  as  standard 
Elkonite  will. 


Now  this  same  material — fabricated  dif¬ 
ferently  and  somewhat  changed  in  com¬ 
position — is  available  for  applications  in 
the  light  duty  field:  applications  like  small 
relays,  mechanical  breakers,  thermal  break¬ 
ers  and  similar  equipment  where  silver 
allovs  have  heretofore  been  used. 


It  has  an  advantage  over  silver  in  that  it  is 
less  subject  to  sticking  and  has  a  higher 


If  you  need  a  contact  material  where  the 
maximum  physical  properties  of  true 
Elkt)nite  are  not  required,  yet  where  silver 
does  not  meet  the  specifications,  here  is 
something  to  investigate.  These  new  grades 
of  Elkonite  are  available  in  standard  rivets 
and  projection  welding  blanks — or  can 
be  used  in  special  contacts  made  to  your 
order.  \\  rite  for  more  information. 


The  only  volume  of  its  kind  in 
the  world,  this  Mallory  Cnnluct 
Data  Booh  contains  everything 
you  want  to  know  about  contact 
design,  construction,  applica¬ 
tion  and  materials.  Free  to 
engineers  who  write  on  company 
letterhead.  $2.50  to  others. 


*Hta.  V.  S.  Pat.  OB. 
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CROSS 


TALK 


►  AIR  .  .  .  Talking  to  one  of  our  editors  recently, 
Major  E.  H,  Armstrong  opined  that  recent  advances 
in  our  knowledge  of  vhf  waves  have  introduced  some 
radical  changes  in  some  homely  concepts.  Time  was, 
according  to  the  Major,  when  one  explained  to  non¬ 
technical  friends  that  radio  waves  didn’t  really  go 
through  the  air.  In  fact,  we  used  to  say,  the  waves 
would  get  there  as  well  or  better  if  the  air  weren’t 
there.  But  not  so  with  vhf  waves.  Refraction  of 
these  waves  in  the  air  accounts  for  much  of  their 
availability.  If  the  air  weren’t  there,  the  marginal 
service  of  f-m  and  television  stations  would  cease 
to  exist.  Moreover,  variations  in  the  state  of  the  air 
masses  cause  fading,  once  thought  to  be  absent  from 
very-short-wave  transmission.  So  the  old  order 
changeth.  What  the  Major  says  is  only  too  true; 
the  art  has  much  to  learn  about  the  transmission  of 
uhf  and  vhf  waves.  Much  already  known  has  not 
been  passed  out  widely  enough.  We  can  offer  some 
help  on  this,  in  the  form  of  a  bang-up  manuscript  by 
Don  Kerr  of  the  Radiation  Lab,  just  ready  to  toss  on 
the  griddle.  Watch  for  it. 

►  VOICE  ...  At  the  recent  NAB  convention,  a  manu¬ 
facturer  of  a  limiting  amplifier,  advertising  to  the 
delegates,  elected  to  speak  in  their  language.  “Our 
limiter,’’  runs  the  ad,  “gives  your  station  a  steady, 
loud  voice !’’  That’s  the  word  for  too  many  broadcast 
stations  today :  a  steady,  loud  voice.  The  broadcasters 
code,  which  would  limit  commercial  announcements 
to  three  minutes  per  15  minute  period,  ran  into  heavy 
weather  at  the  convention,  but  was  finally  adopted  over 
the  protests  of  the  smaller  stations.  If  followed,  this 
code  will  do  much  to  combat  the  growing  public  resist¬ 
ance  to  steady,  loud  voices  on  the  air. 

^MORE  PRIVILEGE  ...  In  these  columns  last  July 
we  objected  to  a  rider  charge,  amounting  to  $1.26 
per  month,  assessed  on  owners  of  television  sets  in 
Norwich,  Connecticut.  Since  Norwich  is  well  outside 
the  range  of  existing  television  stations,  that  threat 
to  progress  was  academic.  But  the  disease  spread.s. 


Now  comes  word  from  the  Wallingford,  Connecticut, 
municipal  plant,  inside  the  range  of  New  York  sta¬ 
tions,  that  owners  of  television  sets  connected  to  this 
system  must  pay  $2.50  for  the  first  five  kilowatt- 
hours  they  buy  each  month.  This  is  roughly  $2.00 
extra  per  month,  or  24  dollars  a  year,  over  and  above 
what  would  be  charged  for  the  same  juice  if  the  tele¬ 
vision  set  were  absent.  This  rate  increase  is  based  on 
the  same  recommendations,  and  subject  to  the  same 
objections,  as  the  Norwich  case  to  which  we  have 
previously  alluded  with  some  feeing. 

We  are  happy  to  note  that  the  Radio  Manufac¬ 
turers  Association,  prompted  by  our  outburst,  has 
dug  into  the  facts,  intending  to  combat  the  forces  of 
evil.  The  power  consumptions  and  power  factors  of 
15  models  of  television  sets  made  by  eight  manufac¬ 
turers  have  been  listed.  The  power  consumption 
ranges  from  215  to  550  watts,  with  328  watts  as 
average.  The  power  factor  ranges  from  89  to  95 
percent,  with  92.5  percent  as  average.  The  power 
factor  figures  are  particularly  interesting  and  show 
that  the  public  utility  does  not  have  to  install  large 
capacity  for  wattless  current.  Moreover,  the  Wall¬ 
ingford  company  informs  us  that  the  peak  load  on 
their  system  occurs  between  11  and  12  in  the  morning, 
during  the  spring  and  summer  months  from  April 
to  October.  In  the  winter,  from  October  to  April, 
it  occurs  from  4  to  6  in  the  evening.  These  hours 
do  not  coincide  with  hours  of  television  programs, 
except  possibly  from  4  to  5  pm  in  winter. 

Why  then,  must  owners  of  television  sets  pay  24 
dollars  a  year,  not  for  electric  power,  but  for  the 
privilege  of  being  connected.  This  is  more  than  half 
the  national  average  electricity  bill  ($42.90  in  1946). 
It  looks  powerful  fishy  to  us.  Worse,  it  looks  like 
charging  what  the  traflSc  would  bear.  One  ray  of 
hope:  The  Wallingford  authorities  say  they  are 
merely  experimenting  with  this  rate,  and  are  in  con¬ 
tact  with  set  owners  to  find  out  just  what  additional 
demand  is  placed  on  their  system.  We  are  sure  that 
the  facts  will  not  support  this  charge,  and  we  hope 
the  RMA  will  make  good  use  of  its  facts. 
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Announcing  a  program  of  research,  underwritten  by  the  publishers  of  Electronics. 
to  develop  equipment  and  test  the  potentialities  of  the  Citizens  Radio  Service.  First 
equipment,  a  transmitter  meeting  FCC  specifications,  is  described  in  this  issue 


The  editors  of  Electronics  are 
happy  to  announce  a  series  of 
articles,  beginning  in  this  issue,  or 
equipment  specifically  developed  for 
the  Citiiens  Radio  Service,  operat¬ 
ing  in  the  band  between  460  and  470 
megacycles  and  ultimately  intended 


for  use  by  the  general  public  for 
private  communication.  The  first 
item  of  equipment,  a  four-tube  crys¬ 
tal-controlled  f-m  transmitter,  is 
described  on  pages  84  to  89.  Suc¬ 
ceeding  issues  will  describe  a  high- 
sensitivity  f-m  superheterodyne 


receiver,  a  power  amplifier  for  the 
transmitter,  high-gain  non-direc- 
tional  antennas,  and  will  relate  the 
results  of  comprehensive  tests  of 
this  equipment  in  the  field. 

The  Citizens  Radio  project,  the 
costs  of  which  have  been  underwrit¬ 
ten  by  McGraw-Hill  as  a  service  to 
the  industry,  is  intended  to  reveal 
the  potentialities  of  the  new  band 
for  public  use  and  to  offer  equip¬ 
ment  designs  suitable  for  produc¬ 
tion  by  individuals  or  commercial 
organizations.  This  program,  which 
marks  a  new  departure  in  technical 
publishing  practice,  was  undertaken 
by  the  editors  of  Electronics  early 
in  1947  after  discussions  with  Com¬ 
missioner  Ewell  K.  Jett,  sponsor  of 
the  Citizens  Radio  Service  in  the 
FCC. 
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Citizens  Service  Slow  to  Start 


Walter  Hollis,  who  designed  Citizens  Rodio  Service  equipment  for  ELECTRONICS, 
testing  transmitter  at  Boonton 


The  460  to  470-mc  band  was  first 
proposed  by  the  FCC  before  the  end 
of  the  war,  in  May  1945,  and  was 
made  an  official  part  of  the  alloca¬ 
tion  table  in  June  1946.  When  the 
band  was  first  announced,  engineer¬ 
ing  opinion  on  it  was  generally  pes¬ 
simistic.  While  all  agreed  with  the 
basic  philosophy  of  providing  a 
band  for  the  general  public,  most 
observers  doubted  the  wisdom  of 
choosing  a  frequency  band  as  high 
as  460  to  470-mc  for  the  purpose. 
But  since  lower  frequencies  were  al¬ 
ready  occupied  by  existing  services 
of  higher  priority,  the  allocation 
stood  as  originally  proposed.  In  the 
intervening  two  and  one  half  years 
no  equipment  has  been  made  avail¬ 
able  commercially  for  this  band. 

The  reason  for  the  inactivity  was 
not  lack  of  interest,  since  a  sizable 


Citizens  Radio  Project 


Commissioner  Je»  Hopes  ELECTRONICS  Project  Will  Speed  Citizens  Radio 


Shortly  before  the  end  of  the  war,  the  Federal 
Communications  Commission  announced  a  pro¬ 
posed  allocation  of  the  band  460-470  megacycles 
for  a  citizens  radio  service.  Intended  for  use  by 
the  general  public  for  private  or  personal  communi¬ 
cation,  the  new  band  is  available  to  any  citizen  who 
agrees  to  abide  by  the  law,  with  no  technical  license 
requirements.  To  serve  such  a  purpose,  equipment 
for  the  new  band  would  have  to  be  simple  and  vir- 
tuaHy  foolproof.  In  June,  1947,  the  Commission 
issued  tentative  specifications  for  the  equipment 
and  announced  a  plan  for  type  approval  which  will 
assure  the  adequacy  of  the  equipment  before  it  is 
offered  to  the  public. 

The  proposal  has  received  widespread  approval 
in  the  industry.  But  engineers  have  found  it  diffi¬ 
cult  to  design  equipment  for  the  band  which  would 
meet  the  necessary  specifications,  particularly  with 


respect  to  frequency  stability.  It  has  appeared  that 
some  time  might  elapse  before  the  citizens  radio 
service  would  become  a  practical  reality. 

It  is,  therefore,  most  reassuring  to  know  that  the 
Editors  of  ELECTRONICS  have  underwritten  a  com¬ 
prehensive  program  to  develop  and  test  equipment 
for  this  important  new  service.  It  is  my  sincere  hope 
that  this  program,  in  which  the  industry  is  invited  to 
participate,  will  reveal  the  full  potentialities  of  the 
new  service  and  that  the  public  will  be  able  to  make 
full  use  of  the  facilities  in  the  near  future.  It  is  to 
be  emphasized  that  type  approval  by  the  FCC  will 
be  necessary  before  large-scale  production  of  any 
particular  design  of  equipment  begins. 

(signed)  E.  K.  JETT 

Commissioner 
Federal  Communications 
.  Commission 


market  for  such  equipment  has  been 
predicted  by  equipment  manufac¬ 
turers  from  the  very  start.  The 
reason  was  rather  a  difficult  techni¬ 
cal  problem.  Stated  briefly,  engi¬ 
neers  found  it  next  to  impossible  to 
generate  adequate  amounts  of  power 
at  the  460  to  470-mc  frequency 
with  equipment  simple  enough, 
and  foolproof  enough,  to  serve  the 
non-technical  public  in  portable  and 
mobile  service. 

It  was  feared  by  many  that  in¬ 
terference  would  prove,  even  within 
a  10-megacycle  band,  insuperable  if 
radiating  receivers  and  non-stable 
transmitters  were  used  in  any  num¬ 
ber  in  heavily  populated  areas. 
Secondly,  the  industry  has  been  un¬ 
willing  to  offer  equipment  for  the 
Citizens  Service  until  more  was 
known  about  its  adequacy  for  differ¬ 
ent  uses.  The  460  to  470-mc  band 


has  quasi-optical  properties  under 
normal  conditions,  so  communica¬ 
tion  might  prove  impossible  unless 
line-of-sight  paths  were  maintained 
between  units.  While  such  a  restric¬ 
tion  might  prove  acceptable  on 
farms  in  the  Plains  States,  it  would 
certainly  prove  a  hindrance  in  built- 
up  cities,  suburbs,  and  in  rolling  or 
mountainous  country. 

Survey  Conducted  by  Editors 

A  survey  conducted  by  the  editors 
in  1946,  among  manufacturers 
known  to  be  interested  in  the  Citi¬ 
zens  Service,  revealed  practically  no 
activity  beyond  laboratory  measure¬ 
ments  on  self-excited  and  superre- 
generative  units,  all  of  which 
seemed  inadequate.  It  looked  as 
though  the  new  service  might  go 
begging.  Shortly  thereafter  the 
staff  of  Electronics  resolved  to  set 


up  a  development  project,  to  see 
whether  technical  and  operational 
answers  to  the  unsolved  problems 
might  be  found.  Encouraged  by 
Commissioner  Jett  to  proceed,  the 
following  plan  was  put  in  action : 

An  appropriation  of  funds  was 
set  up  to  underwrite  the  costs  of 
parts  and  materials,  engineers’  and 
technicians’  time,  and  application 
for  an  experimental  license  w'as 
made  to  the  FCC.  A  search 
was  then  instituted  to  find  a  project 
engineer  familiar  with  the  prob¬ 
lems  of  stable  transmitters  and  re¬ 
ceivers  at  these  frequencies,  w’ho 
would  be  willing  to  undertake  the 
project  on  his  own  time.  This 
search  was  rewarded  in  the  person 
of  Walter  C.  Hollis,  an  engineer  on 
the  staff  of  the  Sperry  Gyroscope 
Company.  Mr.  Hollis,  who  has  pub¬ 
lished  an  article  in  Electronics’ 
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on  the  design  of  tuned-line  resona¬ 
tors  suitable  for  this  band,  agreed 
to  design  and  supervise  the  con¬ 
struction  of  suitable  equipment 

Sperry  was  not  involved  in  the 
project  but  was  asked  whether  there 
was  any  objection  to  Mr.  Hollis 
undertaking  the  assignment,  pro¬ 
vided  all  activity  was  confined  to 
out-of-office  hours,  and  graciously 
^ave  assent.  The  equipment  is,  ac¬ 
cordingly,  a  personal  development 
of  Mr.  Hollis.  All  rights  in  the  de¬ 
sign  have  been  relinquished  by  him, 
as  well  as  by  the  publishers  of 
Electronics,  and  are  hereby  placed 
in  the  public  domain.  Any  i>erson 
or  organization  who  desires  to  copy 
the  designs  or  equipment  may  do  so 
for  any  private  or  commercial  pur¬ 
pose.* 

When  the  project  was  well  under¬ 
way,  the  FCC  announced  tentative 
equipment  specifications  which 
would  have  to  be  met  before  type 
approval  would  be  given  to  equip¬ 
ment  or  transmitting  licenses 
issued.  These  specifications  did 
much  to  remove  the  atmosphere  of 
uncertainty  surrounding  the  engi¬ 
neering  problem.  On  May  20th, 
the  FCC  issued  an  experimental 
station  construction  permit,  under 
the  call  W2XSN,  to  the  McGraw- 
Hill  Publishing  Company  to  cover 
the  development  and  testing  of  the 
equipment. 

By  mid-September  the  initial 
item  of  equipment,  the  transmitter 
previously  mentioned,  had  been 
completed  and  subject  to  an  equip¬ 
ment  test  in  the  field,  where  it  per¬ 
formed  satisfactorily,  as  outlined 
in  later  paragraphs.  Accordingly, 
the  editors  were  encouraged  to  an¬ 
nounce  the  program  and  proceed 
with  publication  of  technical  details. 

Parpes*  of  Program 

In  announcing  the  program,  the 
editors  wish  to  emphasize  that  its 
purpose  is  developmental  and  ex¬ 
perimental.  Many  (in  fact,  most) 
of  the  questions  concerning  the  Citi¬ 
zens  Service  remain  unanswered  at 
this  stage,  particularly  those  relat¬ 
ing  to  performance  of  the  equip- 

•  Commercial  organiiations  are  reminded 
that  licenses  ooder  various  patents  cover¬ 
ing  the  use  of  Tacuum  tubes  and  circuits 
are  required  before  «*v  transmitting  or 
receiving  equipment  w&raeing  these  pat¬ 
ents  may  be  offered  for  sale.  Most  equip¬ 
ment  manufacturers  hold  licenses  for  this 
purpose.  Others  are  advised  to  secure 
licenses  before  proceeding. 


ment  in  the  field.  Within  the  limits 
of  its  resources,  the  staff  intends  to 
test  the  system  and  to  report  the 
results  objectively,  good  or  bad,  in 
coming  issues.  But  the  full  poten¬ 
tialities  of  the  service  can  be  recog¬ 
nized  only  after  an  extensive  test, 
conducted  by  many  groups  in  differ¬ 
ent  parts  of  the  country  and  under 
different  conditions. 

To  make  possible  the  widest  use 
of  the  designs,  a  primary  objec¬ 
tive  of  the  program  has  been  to 
use  standard  and  conventional  com¬ 
ponents  throughout,  and  to  elimi¬ 
nate  entirely  the  need  for  specially 
machined  cavities  and  other  diffi- 
cult-to-construct  items.  Cost  fig¬ 
ures  will  be  published  as  the  pro¬ 
gram  proceeds.  At  the  moment  it 
appears  that  the  investment  in 
parts  and  materials,  for  a  complete 
465-mc  crystal-controlled  transmit¬ 
ter-receiver  (without  power  ampli¬ 
fier)  including  power  supply  will  be 
under  one  hundred  dollars  at  cur¬ 
rent  net  prices. 

Although  the  aim  has  been  sim¬ 
plicity  and  inexpensive  construction, 
the  equipment  has  been  required  to 
meet  the  more  strict  of  the  two  pro¬ 
posed  FCC  frequency  tolerances  and 
to  meet  standards  of  good  engineer¬ 
ing  practice  throughout. 

FCC  Speeificotiont 

Since  the  equipment  under  de¬ 
velopment  was  designed  to  meet 
FCC  regulations,  it  is  pertinent  to 
state  the  proposed  FCC  specifica¬ 
tions  In  accordance  with  FCC  Pub¬ 
lic  Notice  8387,  issued  June  27, 
1947,  it  is  proposed  to  divide  the 
citizens  band  into  three  regions. 
The  central  region  extends  from  462 
to  468  me,  within  which  any  ap¬ 
proved  equipment  may  be  used,  in¬ 
cluding  equipment  of  poor  frequency 
stability  (Class  B  stations,  :±.  0.4  per 
cent) .  The  other  two  regions  are  the 
band  edges  from  460-462  me  and 
468-470  me,  within  which  only 
equipment  having  excellent  fre¬ 
quency  stability  (Class  A  stations, 
0.02  percent)  may  be  used.  The  460 
to  462-mc  region  is  restricted  to 
equipment  operating  at  fixed  loca¬ 
tions;  the  other  regions  are  for 
fixed,  mobile,  or  portable  operation. 

Modulation  may  be  of  the  ampli¬ 
tude,  phase,  or  frequency  type,  and 
all  sidebands  are  to  be  confined 
within  a  200-kc  band.  Transmission 


may  be  by  c-w  radiotelegraphy,  ra¬ 
diotelephone,  or  facsimile.  The 
input  plate  power  to  the  final  stage 
must  be  limited  to  50  watts  iu  the 
band-edge  regions  and  10  watts  in 
the  central  region.  Spurious  radia¬ 
tions  from  the  transmitter  must  be 
eliminated  or  reduced  in  accordance 
with  good  engineering  practice,  and 
in  any  event  shall  not  cause  inter¬ 
ference  to  receivers  of  good  engi¬ 
neering  design  tuned  outside  the 
460  to  470-mc  band. 

When  a  manufacturer  intends  to 
produce  100  or  more  units  of  a  given 
type,  he  may  submit  a  typical  pro¬ 
duction  equipment  to  the  FCC  for 
type-approval  tests.  If  the  equip¬ 
ment  ‘meets  FCC  requirements  it 
will  be  awarded  a  type-approval  cer¬ 
tificate  and  thereafter  transmitting 
licenses  may  be  issued  to  applicants 
owning  such  equipments.  If  less 
than  100  units  are  to  be  manufac¬ 
tured,  type-approval  tests  will  not 
normally  be  conducted  but  full  in¬ 
formation  on  the  unit  may  be  for¬ 
warded  to  the  Commission  which 
may,  at  its  discretion,  decide  to  test 
a  sample  in  accordance  with  the 
standard  type  tests. 

Choieo  of  Basic  Dotigo 

In  developing  the  ELECTRONICS 
Citizens  Radio  equipment,  it  was 
decided  to  construct  initially  an 
equipment  which  would  meet  the 
Class  A  specifications,  that  is,  0.02 
percent  frequency  tolerance.  This 
choice  was  dictated  by  two  factors: 
first,  such  equipment  can  be  used 
for  any  purpose,  anywhere  in  the 
band ;  second,  the  specifications 
could  be  met  by  a  straightforward 
engineering  approach  using  crystal 
control,  whereas  the  Class  B  design 
might  require  an  extensive  investi¬ 
gation  into  non-crystal-controlled 
stable  oscillators.  As  the  program 
proceeds,  it  is  hoped  that  a  suitable 
Class  B  design,  consuming  the  mini¬ 
mum  amount  of  space,  weight,  and 
power,  and  taking  advantage  of  the 
0.4  percent  frequency  tolerance,  will 
be  evolved. 

Since  the  0.02  percent  tolerance 
virtually  demands  crystal  control, 
it  was  decided  to  produce  the  simpl¬ 
est  possible  crystal-controlled  trans¬ 
mitter,  using  conventional  minia¬ 
ture  tubes,  tuned  circuits,  and 
simple  square  cavities.  All  metal¬ 
working  would  be  confined  to  that 
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possible  with  a  drill  press  (or,  in  a 
pinch,  a  portable  electric  drill),  an 
ordinary  vise,  and  usual  small  tools. 
The  estimate  of  primary  power  re¬ 
quired  was  50  watts,  so  it  was  de¬ 
cided  to  build  the  equipment  for 
mobile  use  in  vehicles  having  a  six- 
volt  storage  battery,  or  for  fixed 
station  operation. 

The  r-f  power-output  specifica¬ 
tion  was  broken  down  into  three 
categories.  The  initial  transmitter 
would  have  a  power  output  less  than 
one  watt  (the  actual  unit  produced 
one-quarter  watt  at  carrier  fre¬ 
quency,  as  measured  by  a  Bird  watt¬ 
meter)  and  would  be  suitable  for 
short-range  operation.  A  power 
amplifier,  employing  standard  com¬ 
ponents,  would  increase  the  power 
output  to  about  3  watts.  A  more 
complicated  power  amplifier,  em¬ 
ploying  a  lighthouse  tube  and  re¬ 
quiring  some  skill  in  machining 
cavities,  would  permit  operation  at 
the  maximum  permissible  level  of 
50  watts  input  to  the  final  stage. 

Frequency  modulation  (actually 
phase  modulation  plus  frequency 
multiplication)  was  decided  upon 
for  the  following  reasons :  A  simple 
phase-modulation  network  is  avail¬ 
able  which  uses  a  germanium  crys¬ 
tal  and  will  provide  about  15-kc 
deviation  after  multiplication  from 
a  4.3-mc  crystal  frequency  to  the 
465-mc  carrier  frequency.  This 
modulation  system  is  simpler  and 
consumes  less  power  and  tubes  than 
the  corresponding  amplitude  modu¬ 
lator.  The  power  efficiency  of  the 
final  stage  is  higher  when  f-m  is 
used.  Finally,  the  signal-to-noise 
performance  of  the  system  as  a 
whole,  and  consequently  the  range 
of  coverage,  is  superior  on  f-m  pro¬ 
vided  a  high  modulation-index  is 
used  and  the  receiver  is  built  for 
high  sensitivity.  Both  of  the  latter 
requirements  are  met  in  the  design. 

Basic  Transmitter 

The  first  equipment,  the  basic 
transmitter  described  in  detail  in 
the  following  pages,  follows  the 
plan  just  outlined  in  all  respects. 
It  employs  but  four  tubes,  pro¬ 
duces  a  cr>'stal-controlled  carrier 
at  465  me  with  0.25-watt  output 
power.  Ail  the  tubes  are  standard 
miniature  types  mounted  in  stand¬ 
ard  sockets.  Ordinary  tuned  cir¬ 
cuits  are  used  up  to  the  final  stage. 


at  which  point  two  resonators,  (ac¬ 
tually  loaded  s^tions  of  coaxial 
line,  built  in  square  shape)  are  in¬ 
troduced.  A  frequency  multiplica¬ 
tion  of  108  times  is  achieved  in 
three  tubes,  two  of  which  are  double 
triodes. 

The  transmitter  is  designed  as 
one  of  three  units  of  similar  size, 
all  of  which  will  be  mounted  in  a 
single  container  in  Ihe  completed 
transmitter-receiver.  The  other  two 
units  are  receiver,  and  power-sup- 
ply  control-switching  unit. 

Equipment  Test 

The  basic  transmitter  was  sub¬ 
jected  to  a  test  in  the  field  at  Boon- 
ton,  N.  J.,  on  September  10,  1947. 
The  assistance  of  Jerry  Minter  of 
the  Measurements  Corporation,  in 
measuring  the  field  strengths  and 
providing  test  facilities,  is  much 
appreciated.  In  the  test,  two  quar¬ 
ter-wave  ground-plane  vertical  an¬ 
tennas  were  used,  one  mounted  on 
the  top  of  an  automobile,  the  other 
placed  on  the  laboratory  roof  at  an 
elevation  of  15  feet.  The  ti'ansmit- 
ter  was  operated  from  the  car.  The 
transmitter  power  supply,  a  vibra¬ 
tor  power  pack,  was  supplied  from 
the  car  battery  at  6.4  volts  and  pro¬ 
duced  135  volts  on  the  plates  of  the 
tubes.  A  carbon-button  microphone 
and  microphone  amplifier,  mounted  * 
on  the  power  supply  chassis,  fed 
audio  voltage  at  5  volts  level  to  the 
phase-modulation  network  of  the 
transmitter  proper.  The  transmit¬ 
ter  was  placed  on  the  front  seat  of 
the  car.  During  six  hours  of  test¬ 
ing,  including  driving  over  rough 
country  roads,  the  transmitter  re¬ 
mained  in  adjustment  and  gave  no 
trouble  whatever. 

To  measure  field  strengths,  an 
-\N/APR-4  search  receiver  with 
self-contained  signal-strength  me¬ 
ter  was  employed.  This  produced 
a  30-mc  carrier  (the  intermediate 
frequency)  which  w’as  detected  by 
a  Hallicrafters  model  S-27  f-m/ 
a-m  receiver  and  fed  to  a  loud¬ 
speaker.  The  input  signal  to  the 
APR-4  receiver  ( picked  up  by  the 
ground-plane  antenna  on  the  roof) 
was  compared  by  the  substitution 
method  with  the  output  from  a 
Measurements  Corporation  model 
84  uhf  signal  generator.  A  match¬ 
ing  stub  w'as  used  to  secure  a  proper 
match. to  the  antenna. 


The  following  results  were  ob¬ 
tained  :  An  input  signal  of  200 
microvolts  was  developed  when  the 
transmitter  antenna  was  located  at 
25  feet.  This  is  lower  than  would 
be  expected  from  a  radiated  power 
of  0.25  watt,  which  is  the  output 
measured  in  the  laboratory.  The 
loss  probably  is  accounted  for  by  a 
mismatch  between  the  transmitter 
and  its  radiator.  The  signal 
strength  decreased  as  the  inverse 
first  power  of  the  distance  (when 
line  of  sight  prevailed)  out  to  a 
distance  of  1600  feet  (approxi¬ 
mately  one-third  mile.)  No  longer 
line-of-sight  path  was  available  at 
this  location.  Complete  quieting  of 
the  receiver  occurred,  with  conse¬ 
quent  full  intelligibility  of  the 
speech  modulation  at  a  receiver  in¬ 
put  of  8  microvolts,  and  bare  intel¬ 
ligibility  was  achieved  with  4  micro- 
vjolts  input. 

Although  this  test  was  not  in¬ 
tended  to  show  any  propagation 
effects,  some  incidental  observations 
veere  made  which  indicate  factors 
to  be  studied  at  length  when  propa¬ 
gation  tests  are  begun.  It  was 
found  that  foliage  produced  a  pro¬ 
nounced  shielding  effect,  so  much 
so  in  fact  that  communication  could 
not  be  maintained  beyond  one-half 
mile  since  heavy  foliage  intervened 
along  the  roads  available  at  the 
Boonton  location.  In  one  quantita¬ 
tive  test  of  this  effect,  it  was  found 
that  a  single  row  of  small  birch  and 
poplar  trees  about  50  feet  from  the 
transmitter,  then  located  1500  feet 
from  the  receiver,  introduced  an  at¬ 
tenuation  of  two-to-one  in  voltage. 

The  tests  revealed  that  the  trans¬ 
mitter  would  survive  rough  usage 
without  loss  of  adjustment,  and 
showed  that  in-the-clear  transmis¬ 
sion  paths  up  to  one-third  mile  could 
be  covered  adequately  with  the 
equipment  putting  out  substantially 
less  than  its  full  output.  However, 
even  with  a  properly  matched  an¬ 
tenna,  it  was  clear  that  higher 
power  (available  from  the  power 
amplifier  scheduled  for  test  in  the 
near  future)  would  be  required  for 
full  coverage  at  greater  distances, 
particularly  if  obstructions  and  foli¬ 
age  intervened.  These  matters  will 
be  investigated  in  tests  to  be  con¬ 
ducted  in  future  weeks,  — D.G.F. 

(1)  Walter  C.  IIoUIh.  Design  of  Trans¬ 
mission  Line  Tank  Circuits,  KLEtTROMCS, 
1)  13<i,  Mav  iy47. 
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Top  tIow  of  tronuniHor.  Output  oi  4.3>inc  crystal  (lower  right)  is  multiplied  108  times  in  three  tubes  to  465  me.  Final  stage,  a  6)4 

triode  (left),  produces  one-qu<xrter  watt  output 


TRANSMITTER  for  the 

Citizens  Radio  Service 

Simple  low-power  f-m  unit,  using  conventional  tubes  and  components,  meets  FCC  Class-A 
specifications  for  460  to  470-mc  band.  Phase  modulation  and  crystal  control  produce 
stable  quarter-watt  output  in  unit  designed  as  part  of  portable-mobile  equipment  for 

general  public 


The  equipment  described  in  this 
article  was  constructed  as  part 
of  the  Electronics  Citizens  Radio 
Project.  The  purpose  of  this  proj¬ 
ect,  as  well  as  the  philosophy  under¬ 
lying  the  design  of  the  equipment 
and  results  of  initial  tests,  are  stated 
elsewhere  in  this  issue  (p  80).  The 
present  treatment  is  intended  to 
provide  sufficient  discussion  of  the 
electrical  and  mechanical  details  of 
the  transmitter  to  permit  its  con¬ 
struction  and  adjustment  by  those 
readers  who  may  wish  to  copy  it 
for  their  own  use. 

The  transmitter  is  a  direct  crys¬ 
tal-controlled  unit  employing  four 
tubes  and  a  phase-modulation  net¬ 


work.  The  power  output  of  the  final 
stage  is  one-quarter  watt  at  the 
center  frequency  of  the  citizens 
band,  465  me.  This  power  level  is 
small,  and  is  admittedly  not  suffi¬ 
cient  to  permit  full  utilization  of 
the  citizens  band  wheq  obstructions 
intervene  in  the  transmission  path. 
However,  a  surprisingly  large  range 
can  be  covered  in  direct  line-of- 
sight  with  this  power  output.  A 
line-of-sight  path  of  25  miles 
(transmitting  and  receiving  anten¬ 
nas  elevated  100  feet  or  higher)  can 
be  covered  with  a  power  output  of 
only  11.5  milliwatts,  using  dipole 
antennas,  with  a  receiver  noise  fig¬ 
ure  of  10  db  and  a  carrier-to-noise 


ratio  of  10  db.  This  computation  is 
based  on  the  well  known  relation 
which  gives  the  attenuation  between 
half-wave  dipole  antennas  in  free 
space : 

B4ir*r* 

Attenuation  =  lOlogio  db  1) 

where  the  distance  r  between  trans¬ 
mitter  and  receiver  and  the  wave¬ 
length  X  are  in  the  same  units,  e.g. 
meters.  It  is  expected  (although 
tests  have  not  yet  been  completed 
at  maximum  range)  that  the  trans¬ 
mitter  described  will  cover  a  25- 
mile  line-of-sight  path  with  20-db 
carrier-to-noise  ratio. 

The  phase  modulation  network, 
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described  later  in  this  article,  is 
designed  to  produce  a  maximum 
modulation  of  28.6  degrees  (one 
half  radian).  At  the  lowest  modu¬ 
lating  frequency  in  the  voice  band 
(300  cps)  this  phase  deviation  will 
produce  a  frequency  deviation  of 
approximately  16  kc  when  a  fre¬ 
quency  multiplication  of  108  times 
is  introduced  between  modulator 
and  carrier  output.  This  deviation 
compares  favorably,  in  its  ability 
to  reduce  noise,  with  the  75-kc 
deviation  employed  in  f-m  broad- 


*  The  equipment  described  was  produced 
by  Mr.  Hollis  as  an  independent  consultant 
to  the  McUraw-Hill  Publishing  Company. 
For  a  full  account  of  Electbonics  Citizens 
Badio  Project,  see  p  80. 


casting  provided  the  maximum 
modulating  (voice)  frequency  is  re¬ 
stricted  to  3,000  cps.  The  deviation 
produces  sidebands  which  are  well 
within  the  200-kc  channel  width 
specified  by  the  FCC  regulations. 

Cireaif  Description 

As  shown  in  the  block  diagram 
of  Fig.  1,  the  transmitter  employs 
a  6AK5  crystal-controlled  oscillator, 
a  1N34  germanium  crystal  diode  in 
the  modulation  network,  a  6J6 
twin  tripler,  a  6J6  tripler-doubler, 
and  has  a  6J4  doubler  in  the  final 
stage. 

The  oscillator  employs  the  screen 
as  the  plate  of  a  conventional  tgtp. 


oscillator.  The  output  of  this  crys¬ 
tal-controlled  oscillator  is  electron, 
coupled  through  the  plate  to  the^ 
phase  modulating  network.  The* 
phase  modulating  network  is  a  CMi- 
stant-impedance  network,  the  phase 
of  which  is  varied  through  audio 
modulation  on  the  crystal  diode. 

The  phase-modulated  carrier  of 
4,305.560  kc  drives  one  unit  of  the 
first  6J6  tube  as  a  tripler.  The  trii>- 
led  output  then  feeds  the  other  unit 
of  this  same  6J6  as  another  tripler. 
The  output  of  the  first  6J6  is  thus 
nine  times  the  crystal  frequency,  or 
38.75  me. 

One  unit  of  the  second  6J6  is 
driven  as  a  tripler  whose  output 
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O  FEED  THROUGH  METERING  POINT 


X  STAND-OFF  INSULATOR 


MOOULATtyj  thru 
6200  OHMS  TO  GND 


Cl,  C* — Erie  Ceraiuicun  TS2A  trimmer, 
7  to  45  nni 

C»,  Gs,  Cio,  Cn,  Cis,  CiT — -350  sil¬ 

vered  mica 

C4,  C« — 56  ixixi  silvered  mica 

C»,  C7,  Cii,  Cui  Cu»  Cie — 700  fiiii  sil¬ 
vered  mica 

Cf — ^Erie  insulated  Ceramicon.  12  tiixl 

C18,  Ctt — 70  ju/if  silvered  mica 

Ci»,  Cj5,  C» — Erie  370FA  button  mica, 
235  fifif 

C*#,  Cji,  Ca,  C27 — see  text 


Gt4 — Erie  470BH  button  mica,  1,000 

C-rt,  Cjt — Erie  370BB  button  mica, 
1,000  MMf 


B.7,  Rii,  Bit — AJlen-Bradley,  1,000,  J  w 
Ri.  Rii — AJlen-Bradley,  100,  J  w  ' 

Ri« — i^en-Bradley,  6,800,  ^  w 
Ru — Allen-Bradley,  390,  1  w 


Li,  Lj — see  text 
L3 — r-f  choke,  1  mb 
L4  to  Li8 — see  text 


V,— 6AK5 
V,,  V,— 6J6 
V«— 6J4 


Ri — Allen-Bradley,  250,000,  ^  w 
Rj,  Rs — Allen-Bradley,  10,000,  i  w 
R3.  R4 — Allen-Bradley,  15,000,  j  w 
R*,  R»,  Rio — Allen-Bradley,  10,000,  J  w 


Yi — Auxiliary  crystal 
Yj — Hunt  Gorp.  CR7,  4,305.560-kc 
crys^cil 

Yi — IN31  crystal  diode 
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FIG.  2 — Completa  tchnnatic  of  tromsmitter.  Socket  orientation  and  feed-through  numbers  correspond  to  mechanical  layout  of  chassis. 

shown  in  the  drawing  at  the  right 
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feeds  the  other  unit  of  the  same  6J6 
as  a  doubler.  The  output  of  the  sec¬ 
ond  6J6  is  fifty-four  times  the  crys¬ 
tal  frequency,  or  232.5  me.  All  sec¬ 
tions  of  the  6J6  are  conventional 
grid-driven  harmonic  generators. 
The  output  stage  of  the  transmitter 
is  a  6J4  employed  as  a  grounded- 
grid  doubler,  the  output  feeds  the 
a'htenna  through  a  coaxial  cable. 

Cireait  Dotails 

The  complete  schematic  diagram 
of  the  465-mc  transmitter  is 
shown  in  Fig.  2.  Values  of  all 


component  parts  are  indicated.  A 
6AK5,  Vi,  is  used  as  the  oscillator- 
buffer.  The  screen,  grid,  and  cath¬ 
ode  are  used  as  a  triode  in  the  con¬ 
ventional  oscillator,  y,  is  a  quartz 
crystal  which,  together  with  Ct,  de¬ 
termines  the  frequency  of  oscilla¬ 
tion.  Ct  is  used  for  fine  frequency 
adjustment.  Rx  in  series  with  Rt 
provide  grid  bias  through  grid  rec¬ 
tification.  In  addition,  R,  is  by¬ 
passed  for  r-f  by  C,  and  is  used  as 
a  metering  resistor  for  oscillator 
grid  current.  L,  is  a  permeability- 
tuned  coil  which,  together  with  C, 
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FIG.  1— Block  diagtom  of  tranamittor.  Tnbos  oro  consorved  by  oporoting  throo  6J6 
triodo  •octions  as  triplets.  Phase  modulertion  network  produces  25-kc  deviotioa 


and  screen-to-cathode  tube  capaci¬ 
tance,  forms  the  screen  resonant 
circuit.  Rt  drops  the  voltage  sup. 
plied  to  the  screen  of  the  6AK5  tube 
and,  with  Cs,  forms  a  decoupling 
filter. 

The  output  is  coupled  through  the 
plate.  Output  voltage  for  driving 
the  first  tripler  is  developed  across 
the  modulating  network  to  be  de¬ 
scribed  later.  L,  is  a  permeability- 
tuned  coil  which,  with  C„  the  out¬ 
put  capacitance  of  the  oscillator  and 
the  input  capacitance  of  the  first 
tripler,  constitutes  the  plate  reso¬ 
nant  circuit.  Rt  is  a  dropping  re¬ 
sistor  which  places  the  plate  voltage 
below 'the  screen  by  a  sufficient 
amount  to  reduce  output  voltage  to 
the  level  required  by  the  modulating 
network.  R,  and  Ct  form  the  plate 
decoupling  filter.  C,  and  Cn  are 
blocking  capacitors.  Rt  and  R,  de¬ 
velop  the  necessary  grid  bias  for  the 
first  tripler  through  grid  rectifica¬ 
tion.  Rt  bypassed  by  Cu  serves  as  a 
grid  metering  resistor  for  the  first 
tripler. 

Components  Yt  and  Ci  are  the 
frequency  control  and  frequency 


adjusting  elements  for  supplying 
the  local  oscillator  frequency  for 
the  receiver,  to  be  described  in  a 
later  issue. 

The  oscillator  plate  circuit  load 
is  the  modulating  network  consist¬ 
ing  of  Ctt  Yt,  Z>4,  £/i,  Citt  and  a  6,- 
200-ohm  resistor  in  series  with  a 
low-impedance  modulating  source. 
This  network  is  the  same  as  that 
used  in  the  Raytheon  cascade-phase- 
shift  system*,  with  a  IN34  crystal- 
(Ys)  replacing  the  cathode  follower. 
For  the  network  to  present  a  con¬ 
stant  impedance,  the  reactance  of 
L,  must  be  twice  the  reactance  of 
Lt  presents  a  high  impedance 
to  the  oscillator  frequency,  but  pro¬ 
vides  a  low-resistance  d-c  return 
for  the  rectified  current  of  modu¬ 
lating  crystal,  Y,.  Y„  in  combina¬ 
tion  with  C,o  and  the  6,200-ohm  re¬ 
sistor  in  series  with  the  modulating 
voltage,  presents  a  variable  resistor 
which  is  a  function  of  the  modu¬ 
lating  voltage,  in  series  with  Ct. 
This  variation  in  resistance  causes 
the  phase  angle  of  the  impedance 
to  vary  in  accordance  with  the 
modulating  voltage.  As  the  elec¬ 


tron-coupled  oscillator  output  is  es¬ 
sentially  a  constant-current  genera¬ 
tor,  the  voltage  developed  across 
the  modulating  network  is  phase 
modulated  with  negligible  residual 
amplitude  modulation.  This  prop¬ 
erty  of  negligible  residual  ampli¬ 
tude  modulation  is  used  to  tune  Lt. 
The  procedure  used  is  discussed 
under  tuning  adjustm'ents. 

All  succeeding  multiplier  stages, 
except  the  final  stage,  are  conven¬ 
tional  grid-driven  triode  harmonic 
generators,  employing  the  dual  tri¬ 
ode  6J6.  Each  stage  except  the 
first  doubler  employs  conventional 
double-tuned  circuits.  The^e  offer 
ease  of  excitation  adjustment,  free¬ 
dom  from  parasitic  oscillations,  and 
good  harmonic  rejection.  Grid  bias 
resistors  have  been  chosen  for  opti¬ 
mum  output.  Both  6J6  tubes,  V,  and 
V„  are  protected  from  overload  due 
to  loss  of  excitation  by  cathode  bias 
resistors  iJ*  and  R,,  respectively. 

The  output  tank  circuit  for  the 
first  doubler  is  unconventional.  The 
tank  circuit  is  a  reentrant  reso¬ 
nator  of  the  capacitive-loaded  trans¬ 
mission-line  type*.  The  capacitive 


loading  is  a  variable  capacitor,  C«, 
and  the  inductive  portion  Li,  con¬ 
sists  of  a  length  of  short-circuited 
transmission  line  in  a  sheet  metal 
shield.  The  plate  supply  is  bypassed 
to  ground  by  capacitor  C«,  and  is 
series  fed  through  filter  choke  L,», 
self-resonant  at  about  230  me. 

The  output  tube,  Y*,  is  a  6J4  em¬ 
ployed  as  a  grounded-grid  doubler. 
The  output  of  the  first  doubler,  at 
232.5  me,  is  inductively  coupled  to 
the  cathode  of  V,  by  means  of  pick¬ 
up  loop  L„.  As  the  driving  imped¬ 
ance  of  a  grounded-grid  doubler  is 
very  low  (a  few  hundred  ohms),  the 
circuit  is  untuned  and  noncritical. 
The  output  tank  circuit  is  another 
transmission  line  resonator  con¬ 
sisting  of  a  variable  capacitor,  C#,, 
and  a  length  of  short-circuited 
transmission  line,  L^^,.  The  plate 
supply  is  shunt  fed  through  the  fil¬ 
ter  arrangement  consisting  of  C», 
Lit,  and  C».  The  output  to  the  an¬ 
tenna  is  coupled  through  a  pickup 
loop,  Li«.  Grid  bias  is  supplied  by  the 
voltage  drop  through  cathode  re¬ 
sistor  Ri5,  bjT)assed  for  r-f  by  Cm. 
Lit,  and  L,.,  are  self  resonant  chokes 


- 


HOLE  SPECS: 

Feed-throughs  1  to  12-G  drill  (2  U>  10,  Simced  ^l/l') 
Stand-offs  1'  to  7',  #30  drill 
CoUs  LI,  L2,  L5,  L6,  L7,  LS-i'  drill 
Capacitors  Cl.  C2-3/16'’  drill  spaced  7,  O',  #30  drill 
spaced  7/16' 


(Capacitors  C19,  C2'>,  C26-f36  drill 
Capacitors  C20.  C21,  C23.  C27-r  drill 
Tube  sockets  for  VI,  V2.  V3,  V 1-21/32'  hole,  #30  drill 
spaced  7/8' 

Lock-in  socket  for  Y 1,  Y2-1  ."i  06'  hole.’#  30  drill  spaced 
1  11/16' 


FIG.  3 — Mechonical  layout  of  chassU.  Slight  diiiorencei  from  layout  shown  in  photos  horo  boon  introducod  to  simplify  construction. 

Rolativo  location  of  tubo  sockots  and  rosonators  is  critical 
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which  place  the  filament  at  the  same 
r-f  potential  as  the  cathode.  C»  by¬ 
passes  all  filaments  to  ground. 


Ports  List 

In  addition  to  the  parts  listed 
with  the  circuit  diagram,  the  fol¬ 
lowing  are  required: 

1  lock-in  socket 
•  4  miniature  tube  sockets 

6  National  XKOO  coil  forms 

4  B.  F.  Johnson  capacitors,  type  160-107 
13  15  aaf) 

Note:  Modify  Johnson  capacitors  Ca>,  Cn. 
Cat,  and  Cat  to  have  three  stator  plates  and 
four  rotor  plates. 

14  glass-sealed  feed-thronghs  (such  as 
electrical  Industries,  Inc.  type  AB- 
60W-PP; 

7  Btand-oif  terminals  (such  as  Winchester 
Co.,  stand-off  No.  754) 

8  1-watt  Allen  Bradley  resistors,  100,000 
ohms  or  larger 

1  %-watt  Allen  Bradley  resistor,  100,000 
ohms  or  larger 

1  ClU-U<r58/U  panel  mounting  con¬ 
nector 

Miscellaneous  hardware,  wire,  solder, 

1 /82-inch  half  hard  sheet  brass 

At  current  net  prices,  total  cost 
of  parts  is  approximately  $40.00. 

Coll  SpocificatioRS 

L\  lA,  lA — 41  turns  No.  27  hea^  formTar 
wire,  close  wound  on  National  XK-50  form 
Ij4 — 250-microhenry  universal-wound  r-f 
choke  (commercial  tolerances  can  be  com¬ 
pensate  by  adjustment  of  C«) 

lA — 60  turns  No.  29  heavy  formvar  wire, 
close  wound  on  National  XR-50  form 

— 15  turns  No.  20  heavy  formvar  wire, 
close  wound  and  centered  on  National 
XR-50  form 

LA — 12  turns  No.  20  heavy  formvar  wire, 
clone  wound  and  centered  on  National 
XR-50  form 

L* — 4  turns  No.  14  tinned  copper  wire, 
%  inch  diameter,  space  wound  for  7/16 
inch  length,  self-supported  between  Cn  and 
stand-off  No.  1. 

Lie— 3  turns  No.  14  tinned  copper  wire, 
^  inch  diameter,  space  wound  for  ^  inch 
length,  self  supported  between  Cat  and  feed¬ 
through  No.  11 

Lie.  Lu,  Lie — 15%  turns  No.  22  plain 
enameled,  close  wound  on  1-watt  Allen- 
Bradley  resistor,  100,000  ohms  or  larger, 
dipped  in  glyptal 

L>* — 12  turns  No.  22  plain  enameled, 
close  wound  on  %-watt  Allen-Bradley  re¬ 
sistor,  100,000  ohms  or  larger,  dipp^  in 
gl.vptal 

Chassis  CoRstrMctien 

The  chassis  is  of  conventional 
sheet  metal  construction  shown  in 
the  photographs.  The  chassis  is 
made  entirely  of  A  inch  half  hard 
sheet  brass.  The  completed  chassis 
consists  of  a  drilled  base  12i  by  4 
by  il  inches  upon  which  are 
mounted  two  resonators  for  the  final 
multiplier  stages.  With  the  reso¬ 
nators  and  all  parts  and  tubes  in 
place,  the  overall  height  is  4i  inches. 
The  details  given  below  are  slightly 
different  from  the  photographs. 
These  changes  have  been  made  to 
simplify  the  construction  and  do 
not  impair  the  performance. 

The  bottom  view  of  the  chassis 
layout  is  shown  in  Fig.  3.  All  holes 
have  been  identified  with  the  com¬ 
ponent  indicated  on  the  circuit  dia¬ 
gram  of  Fig.  2.  A  mounting  lip 


projects  I  inch  below  the  bottom  of 
the  chassis  on  all  four  sides,  as  is 
seen  in  the  sectional  elevation  view 
of  Fig.  4.  Two  mounting  holes  for 
the  resonators  are  provided  in  the 
chassis  base.  The  cutout  for  the 
resonator  for  the  first  doubler  is 
2 A  X  3ft  inches;  for  the  second  it 
is  2ft  X  1ft  inches.  Lips  projecting 
I  inch  above  the  top  of  the  chassis 
base  are  provided  for  mounting 
each  resonator. 

The  layouts  for  the  first  doubler 
resonator  shield  and  the  second 
doubler  shield  are  shown  in  Fig.  5 
and  6.  After  cutting,  the  shields 
should  be  bent  as  shown  in  Fig.  3 
and  4,  and  soft  soldered  along  the 
quarter-inch  lips  provided  in  the 
layouts.  The  shield  for  the  second 
doubler  resonator  should  have  its 
center  conductor,  consisting  of  ^- 
inch  diameter  by  ft-inch  wall  brass 
tubing,  soldered  into  place  as  indi¬ 
cated  in  Fig.  3  and  4.  In  addition, 
covers  with  |-inch  lips  should  be 
made  to  fit  each  shield.  These  may 
be  anchored  in  place  by  4-40  screws 
tapped  into  the  shields.  The  cover 
for  the  output  resonator  should  be 
drilled  for  mounting  a  UG-58/U  r-f 
fitting  for  the  output  connection, 
as  shown  in  the  photographs.  All 
chassis  parts  should  be  cadmium 
plated  to  resist  corrosion. 

After  plating,  the  parts  are  as¬ 
sembled  as  follows :  Cm,  a  l,000-/A/if 
type  470-BA  button  mica  capacitor, 
is  centered  and  soft  soldered  over 
the  i-inch  hole  in  the  shorted  end 
of  the  first  doubler  shield.  In  addi¬ 
tion,  two  glass-sealed  feed-throughs 
are  soft  soldered  into  the  G  drill 
holes  provided.  These  are  used  to 
mount  output  pickup  loop  L„,  which 
is  made  of  No.  14  tinned  copper 
wire,  approximately  1  x  i  inch.  The 
center  conductor  should  next  be  in¬ 
stalled.  It  is  made  of  i-inch  brass 
rod  of  length  indicated  in  Fisr.  4 
and  threaded  on  the  end  for  2-56 
nuts.  The  center  conductor  should 
be  bolted  through  Cm  with  a  lug 
provided  for  mounting  L,».  The  as¬ 
sembly  constituting  Ln  and  L„  is 
then  mounted  on  the  chassis  base 
by  means  of  the  mounting  lip  and 
4-40  screws  tapped  into  the  shield. 
The  inside  junction  between  the 
shield  and  the  chassis  base  should 
be  soldered  to  provide  a  solid  elec¬ 
trical  connection.  C**  should  then 
be  mounted  on  the  chassis  and  the 


two  stator  uprights  soldered  to  the 
center  conductor.  This  assembly 
constitutes  the  complete  resonator 
for  the  first  doubler.  The  mount¬ 
ing  holes  for  the  socket  for  F,  are 
so  aligned  that  terminal  No.  2  may 
be  soldered  directly  to  the  centei 
conductor  of  the  resonator. 

The  output  resonator  is  next  as¬ 
sembled.  Cm,  L,«,  and  C»  are  as¬ 
sembled  to  the  center  conductor  by 
soldering  as  indicated  in  Fig.  4. 

Cat  is  mounted  and  the  two  uprights 
soldered  to  the  center  conductor. 
The  resonator  then  is  mounted  on 
the  chassis  base  by  means  of  the 
mounting  lips  and  4-40  screws 
tapped  into  the  resonator  shield. 
The  socket  for  V,  is  next  mounted 
and  terminals  1,  5,  and  6  soldered 
directly  to  the  output  resonator. 

All  feed-through  connectors 
should  next  be  soldered  into  holes 
provided  in  the  chassis  base.  All 
other  components  may  then  be 
mounted  on  the  chassis  base,  taking 
care  to  align  all  terminals  for  short¬ 
est  connections.  C«  and  Co  are 
mounted  such  that  terminals  5  and 
1,  respectively,  on  the  tube  socket 
for  F,  may  be  soldered  directly  to 
the  terminal  lugs  provided  on  the 
capacitors.  L.  and  L,,  are  mounted 
axially  and  the  spacing  adjusted 
during  tune-up  for  maximum  drive 
to  the  first  doubler.  Where  possible, 
series  resonance  is  employed  in  the 
mica  bypass  capacitors.* 

Taae-ap  Freeadar* 

After  the  transmitter  wiring  has 
been  checked,  the  tubes  and  crystal 
may  be  installed  in  their  respective 
sockets  and  voltages  applied.  Fila¬ 
ment  supply  at  6.3  volts  is  applied 
between  stand-off  terminal  No.  2 
and  ground,  and  150-volt  d-c  plate 
supply  between  terminal  No.  4  and 
ground. 

Test  equipment  used  included  a 
20,000  ohms-per-volt  test  analyzer 
such  as  the  Simpson  Model  260,  an 
audio  oscillator,  and  a  cathode-ray 
oscilloscope.  A  set  of  absorption 
wavemeters  is  useful  to  assure  that 
the  proper  harmonic  is  tuned  in 
each  stage. 

First  connect  the  voltmeter  be¬ 
tween  metering  point  1  and  ground. 
Starting  with  the  poly-iron  slug  of 
Li  all  the  way  in,  screw  out  the 
slug,  watching  grid  current  as 
registered  on  the  voltmeter.  Note 
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no.  4 — Side  Ti*w  of  chattit,  ihowing  constractional  dotoiU  of  rosonoton  oporoting 

at  232.5  and  465  me 


may  now  be  disconnected  and  the 
6,200-ohm  resistor  returned  to 
ground. 

The  voltmeter  should  now  be  con¬ 
nected  between  metering  point  7 
and  ground  and  Lt  and  L,  adjusted 
for  maximum  grid  drive  as  indi¬ 
cated  on  the  voltmeter.  The  absorp¬ 
tion  wavemeter  should  be  used  to 
make  sure  that  the  proper  harmonic 
is  tuned.  All  other  stages  are  tuned 
in  a  similar  manner  using  succes¬ 
sively  metering  points  9, 11,  and  12. 
The  output  resonator  is  tuned  for 
maximum  output  into  a  load  or  an¬ 
tenna.  Output  loop  Lu  should  be 
adjusted  for  maximum  output. 

The  following  table  gives  repre¬ 
sentative  readings  obtained  with  a 
•20,000  ohms-per-volt  analyzer  con¬ 
nected  to  various  stages. 


.\nalyier  Lead 
Connections 

Meter 

Readini 

•  -1- 

- 

(Volta) 

Ground 

1 

0.6 

Ground 

5 

3.2 

Ground 

7 

38 

Ground 

9 

3S 

Ground 

11 

15 

12 

Ground 

8 

4 

3 

65 

3 

2 

30 

4 

2 

103 

4 

6 

5.2 

4 

8 

8.2 

4 

10 

7.4 

4 

Lti 

23.5  ma 

4 

L\t 

18  ma 

FIG.  5 — Shiald  coo  for  232.5-mc  rotonofor.  Mado  from  broM  ihoot,  this  structurs 
can  be  bent  into  shape  without  machining 


NOTE.  all  dashed  LINES  ARE  FOLD  LINES 
FOLD  AND  SOFTSOLDER  JOINTS 


material:  9  HALF -HARD  BRASS  SHEET 

FINISH  CADMIUM  PLATED 

stm  CUT. 

— •|i> - V*' - 

L _ 

r  T 

!  li  \.J 

1 

i  I 

1  r 

1 

1  ,  -i~ 

1  \  1  -•«  !  !  ^ 

1 

1 

1  1*.  11"  *L  ti*  J  U-  - 1"  H 

fL — _4- — — * 

i 

I-. - 1  V  — ► 

FIG.  6 — Shield  con  for  465-mc  resonator.  If  dimensions  ore  followed  accurately, 
both  resonators  may  be  tuned  OTer  bond  without  mechanical  adiustment.  by  adjusting 

loading  capacitors 


maximum  reading  and  back  off  to 
about  half  of  the  maximum  read¬ 
ing. 

Next  connect  the  audio  oscillator 
through  a  6,200-ohm  resistor  be¬ 
tween  stand-off  5  and  ground,  and 
set  the  output  to  about  5  volts.  Con¬ 
nect  the  vertical  amplifier  of  the 
cathode-ray  oscilloscope  between 
metering  point  5  and  ground. 


Through  grid  rectification  in  the 
first  tripler,  any  amplitude  modu¬ 
lation  occurring  in  the  modulation 
network  appears  across  /2,  and  may 
be  seen  on  the  oscilloscope.  Adjust 
Lj  for  a  null  (or  minimum)  as  seen 
on  the  oscilloscope.  L,  is  now  prop¬ 
erly  adjusted  and  should  never  be 
retuned  except  by  this  method.  The 
audio*  oscillator  and  oscilloscope 


The  last  two  readings  should  be 
taken  by  opening  up  the  plate  sup¬ 
ply  leads  and  inserting  the  meter 
in  series. 

An  output  of  approximately  i 
watt  was  measured  using  a  Bird 
Wattmeter,  Model  63- A.  The  out¬ 
put  loop  was  made  of  No.  14  tinned 
copper  wire  with  dimensions  I  x  i 
inch.  Using  improved  coupling 
means,  it  is  expected  to  increase  the 
output  to  i  watt. 
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ExpIo«ion>prMsure  rwcordor  Mtup  ior  um  with  romotoly  located  capacitance-type  pressure  pickup.  Operator  adjusts  bridge  control 
unit  with  left  hand  and  single-sweep  generator  with  right  hand  while  viewing  paHem  on  oscilloscope  screen  through  peephole  olong- 

side  comera-on  hood.  Unit  at  right  is  sweep  tripper  control  unit 

Measuiing  Pressuies  of 


INVESTIGATIONS  and  tests 
to  eliminate  or  reduce  damage 
from  explosions  have  been  devoted 
to  methods  of  preventing  explo¬ 
sion  damage  in  rooms  or  build¬ 
ings,  both  from  dust  and  from 


FIG.  1 — Cross-section  of  capacitance-type 
pressure  pickup.  Sound  waves  act  on  steel 
diaphragm  at  left,  causing  capacitance 
between  grounded  diaphragm  and  insu¬ 
lated  brass  plate  behind  it  to  vary.  Shell 
and  retaining  plug  are  turned  from  1^-inch 
hexagonal  steel  stock 


flammable  liquid  vapors, 
method  usually  involved  determin¬ 
ing,  in  a  specially  constructed  build¬ 
ing,  the  ratio  of  free  venting  area 
to  building  volume  required  to  pre¬ 
vent  obvious  excessive  pressure  or 
stress  in  the  structure.  The  work 
has  also  included  explosions  in  ves¬ 
sels  and  pipe  lines  with  vapor-air 
mixtures  and  also  mixtures  of  air 
with  hydrogen  and  acetylene. 

Until  recently,  no  wholly  satis¬ 
factory  instrument  was  available 
for  obtaining  pressure-time  dia¬ 
grams  under  such  a  wide  variety  of 
test  conditions.  Without  an  accur- 
rate  pressure  record  there  was  no 
assurance  that  presumably  identical 
explosion  tests  were  being  dupli¬ 
cated  with  respect  to  pressure,  and 
the  results  of  tests  could  not  be 
applied  with  any  degree  of  confi¬ 
dence  to  other  conditions. 

The  pressure  recorder  described 
here  meets  all  requirements  for  ex¬ 
plosion  research.  It  is  adaptable  to 
a  wide  range  of  maximum  pressure, 
and  it  can  be  used  for  static  condi¬ 


tions  as  well  as  for  varying  rates  of 
pressure  change,  including  those 
encountered  in  industrial  explosions 
and  water  hammer.  Because  of  the 
characteristics  of  the  design,  it  is 
relatively  independent  of  humidity, 
temperature,  and  extraneous  pres¬ 
sure.  A  most  important  feature  is 
that  the  design  facilitates  calibra¬ 
tion  in  a  very  short  time  either  be¬ 
fore  or  after  an  explosion  or  other 
pressure  test. 

General  Test  Requirements 

Occasionally  tests  are  run  which 
represent  considerable  time  and  ex¬ 
pense  for  the  setup,  and  it  may  be 
desired  to  obtain  an  accurate  pres¬ 
sure  record  on  an  explosion  which 
may  not  again  be  reproduced 
quickly,  so  that  checking  of  results 
by  many  tests  is  not  practical.  Con¬ 
sequently,  every  individual  test 
record  should  be  completely  reliable. 
Sometimes  it  is  desired  to  measure 
pressures  from  an  explosion  the 
exact  time  of  which  is  not  predict¬ 
able.  For  such  cases  the  recording 


November,  f 947  —  ELECTRONICS 


INNER 

CAPACITOR 

PLATE 

(BRASS) 


RETAINING  \ 

PLUG  \ 

6-32 

TAPPED 

HOLE 


HARDENED  \ 
STEEL  0006' 
DIAPHRAGM  SPACE 


( 


Explotion  oi  magneiium  powder  in  a  heoTy  concrete  teit  tunnel  at  the  Factory  Mutual  Loboratoriee  is  typical  oi  accidental  explosioiu 
but  is  set  off  under  controlled  conditions  so  that  pressures  con  be  measured  and  recorded  to  determine  safety  oi  Torioas  industrial 
conditions.  Other  tests  include  explosions  oi  cleaning  fluids  in  enclosed  spaces  and  explosions  oi  black  powder  in  pipes 


»ntrol 

along* 


Industrial  Explosions 


Capacitance-type  pickup  feeds  cro  through  10,000-cps  bridge  to  give  pressure-time  dia¬ 
grams  covering  from  2  psi  for  dust  explosions  to  3,000  psi  for  gas-air  mixtures  in  pipes, 
with  calibration  on  static  pressures.  Automatic  tripper  circuit  responds  to  explosions 
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10,000 -CPS 
OSCILLATOR 


BALANCING 

CAPACITANCE 


hammer  in  supply  lines  to  sprin¬ 
klers  or  in  other  hydraulic  systems 
also  develop  very  rapidly  and  may 
reach  high  peak  values. 

In  explosion  tests  involving  dusts 
or  vapors  in  large  areas,  the  decay 
of  pressure  may  occur  at  such  a 
slow  rate  that  the  pressure  condi¬ 
tion  is  almost  static.  Since  the  de¬ 
vice  must  be  used  on  static  or  near¬ 
static  conditions,  it  is  desirable  to 
be  able  to  calibrate  the  device  stat¬ 
ically  in  a  very  short  period  of  time, 
either  before  or  after  any  test. 

In  some  tests  it  may  be  desired  to 
locate  the  gage  inside  a  building  or 


apparatus  must  be  actuated  auto¬ 
matically  by  the  explosion  pressure 
VN’ave. 

Some  explosions,  such  as  dust  ex¬ 
plosions  in  building  structures,  may 
jrive  rise  to  maximum  pressures  of 
only  two  or  three  psi  and  the  time 
required  to  reach  peak  pressure 
may  be  one-half  second  or  even 
more.  With  other  explosions,  such 
as  gas-air  mixtures  in  pipe  lines  or 
closed  vessels,  maximum  pressures 
may  be  of  the  order  of  100  psi,  or 
in  some  cases  2,000  to  3,000  psi, 
with  pressure  rise  rates  at  very 
high  values.  Pressures  due  to  water 
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OSCILLATOR  INPUT 
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OSCILLOSCOPE 


0.0001 


OOOl' 


0.00005 


60-CPS 
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FIG.  2 — Basic  bridge  circuit  (A)  used  with 
gage,  and  final  xersion  (B)  using  tuned  filter 
and  compensating  coble  for  limiting  re¬ 
sponse  to  narrow  band  of  frequencies 
around  10.000  cps 


f-ECTRONICS  —  November,  J947 


FIG.  3 — ^PrMtnr*-tiin«  diagram  for  typical  Induitriol  •xplosion  produciBg  6.7  pti  in 
15  milUaoconds  (A),  with  pookod  SO-cps  timing  wars  and  static  calibration  (horixontal 
trocM)  at  5  psi.  os  photographed  with  Super  XX  film  at  i/4.5  on  5LPI  green  tube 
using  maximum  beam  intensity.  Improred  contrast  (B)  is  obtained  by  using  a  5LP11 
blue  tube  at  reduced  beam  intensity  with  Eastman  Llnogroph  5244  film  and  on  f/3.5 
camera;  this  diagram  is  for  a  similar  explosion  producing  maximum  pressure  of 
7.1  psi.  token  by  means  of  outomatic  sweep  tripper  that  started  record  ot  0.57  psi 


Circuit  Characturistics 


In  order  to  utilize  the  special 
pickup,  its  capacitance  and  the  ca¬ 
pacitance  of  the  connecting  cable 
are  balanced  out  so  that  only  a 
change  in  capacitance  will  be  indi¬ 
cated.  A  conventional  RC  bridge 
circuit  is  shown  in  Fig.  2A  in  which 
Cl  is  the  gage,  C,  the  balancing  ca¬ 
pacitance,  R,  and  R,  the  resistance 
elements  of  the  bridge,  and  M  a  cur¬ 
rent  or  voltage  detector. 


PRESSURE  IN  LB  PER  SO  INCH 


FIG.  4 — Static  calibrotion  curre  of  pickup 
when  using  0.02-inch  thick  steel  diaphragm 
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deflection  on  the  oscilloscope  with 
its  amplifier  adjusted  to  maximum 
sensitivity.  Since  the  bridge  has  a 
ratio  of  unity,  and  the  applied  10,- 
OOO-cycle  current  to  the  bridge  is 
approximately  30  volts  peak,  this 
represents  a  balance  to  within  1 
part  in  16,000. 

In  actual  use,  it  was  noted  that 
there  was  occasionally  considerable 
lero  drift.  This  was  caused  by  a 
change  in  temperature,  and  was 
almost  wholly  due  to  changes  in 
temperature  of  the  single-conductor 
microphone  cable  (20  feet  long) 
used  to  connect  the  gage  to  the 
bridge  circuit.  Both  resistance  and 
capacitance  of  the  cable  were 
affected.  To  correct  for  these  fac¬ 
tors  a  two-conductor  cable  was  sub¬ 
stituted,  with  one  inner  conductor 
and  the  grounded  outer  shield  con¬ 
necting  the  gage  and  bridge,  and 
the  other  inner  conductor  connected 
in  parallel  with  the  balancing  ca¬ 
pacitance  of  the  bridge.  In  spite 
of  this  balancing  arrangement,  the 
cable  was  found  to  be  somewhat 
pressure-sensitive.  If  the  pickup  is 
used  as  a  space  gage,  it  would  be 
desirable  to  enclose  the  cable  within 
the  space  by  pipe  or  conduit. 

Application  to  Explosion  Tests 

In  a  series  of  preliminary  tests, 
the  gage  was  used  to  measure  the 
pressure  required  to  break  glass 
panes  (14  x  19  inch)  in  one  side  of 
a  3  cu  ft  enclosure  and  subjected  to 
explosions  of  flammable  liquid 
vapors  with  air.  A  typical  result  is 
shown  on  Fig.  3A  with  accompany¬ 
ing  60-cycle  timing  wave. 

Other  tests  included  breaking  a 
0.003-inch  thick  paper  diaphragm 
by  explosions  of  black  powder  in  a 
short  length  of  6-inch  diameter 
pipe.  A  typical  result  is  shown  on 
Fig.  3B.  These  pictures  were  made 
with  the  0.020  inch  thick  diaphragm 
in  the  gage;  the  static  calibration 
for  this  diaphragm  is  given  in  Fig. 
4.  With  a  maximum  useful  range  of 
approximately  ten  pounds  per 
square  inch,  there  is  a  range  of 
about  10  psi  where  the  departure 
from  linearity  is  less  than  0.2  psi. 

When  using  this  gage  near  maxi¬ 
mum  oscilloscope  deflection,  the 
speed  of  travel  of  the  beam  at  10,000 
cycles  is  too  fast  with  the  usual 
green  cathode-ray  tube  to  give 
photographs  having  maximum 


sharpness.  One  solution  for  this 
would  be  the  use- of  a  rectifier  be¬ 
tween  the  bridge  and  the  oscillo¬ 
scope  input.  However,  this  would 
require  an  amplifier  capable  of  a 
wide  range  of  frequency  amplifica¬ 
tion  down  to  and  including  direct 
current  for  static  calibration.  The 
difficulty  was  overcome  by  substi¬ 
tuting  a  cathode-ray  tube  of  much 
higher  actinic  intensity,  the  blue 
Du  Mont  5LP11. 

For  explosions  the  exact  time  of 
which  can  not  be  predicted  in  ad¬ 
vance,  an  automatic  tripper  circuit 
was  developed,  utilizing  a  6C5 
amplifier  and  a  2051  relay  tube  as 
in  Fig.  5.  The  input  is  taken  from 
the  oscilloscope  deflection  plate,  and 
the  output  is  connected  to  the  sin¬ 
gle-sweep  generator.  This  equip¬ 
ment  operates  on  a  signal  (with 
some  adjustment)  equal  to  about 
3  percent  of  the  maximum  useful  de¬ 
flection  of  2  inches  but  under  such 
adjustment  it  is  especially  sensitive 
to  exterior  electrical  disturbances 
such  as  turning  on  and  off  an  incan¬ 
descent  lamp.  In  actual  practice  the 
adjustment  was  made  so  as  to  trip 
at  0.1  inch  deflection,  or  about  5  per¬ 
cent  of  the  maximum.  For  explosion 
work  the  loss  of  the  first  fraction 
of  the  record  is  of  no  importance. 
Possibly  for  other  applications  it 
might  be  worth  while  to  develop  a 
satisfactory  delay,  so  as  to  be  able 
to  photograph  the  entire  pressure¬ 
time  diagram. 

Stability  aad  Prattara  Rang* 

The  shape  of  the  calibration 
curve  is  affected  only  slightly  by  the 
initial  spacing  between  the  gage 


INPUT  FROM  DEFLECTION 
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FIG.  5 — Automatic  trippor  circuit  for  xtort- 
ing  ■inglo-iweop  generator  when  Toltage 
on  deflection  plate  of  cathode-ray  oecillo- 
tcope  reaches  about  5  percent  of  maximum 


plates;  within  practical  limits  the 
calibration  of  the  pressure  pickup 
is  essentially  independent  of  the 
spacing.  The  pickup  was  disassem¬ 
bled  many  times  with  only  a 
minimum  of  care  to  recover  the 
same  initial  spacing  (about  0.001 
inch  with  normal  takeup).  In  each 
case  when  a  known  pressure  was 
applied  to  the  pickup  and  the  gain 
control  on  the  oscilloscope  adjusted 
to  give  the  same  deflection  as  the 
original  calibration,  other  pressure 
points  also  fell  on  the  original  cali¬ 
bration  curve.  This  is  important 
since  it  eliminates  any  necessity  for 
careful  temperature  compensation. 

The  stiffness  and  consequently 
the  linear  limit  of  indication  of 
similar  diaphragms  of  different 
thicknesses  will  vary  with  the  cube 
of  the  thickness.  Practically,  in 
order  to  obtain  an  essentially  linear 
calibration,  the  deflection  of  the 
diaphragm  at  its  center  should  not 
exceed  50  percent  of  the  initial  spac¬ 
ing.  This  relation  of  thickness  to 
useful  limit  was  shown  by  test  to 
be  true  in  calibration  of  diaphragms 
of  0.010,  0.020,  and  0.030-inch  thick¬ 
ness.  Accordingly,  the  maximum 
useful  pressures  of  hardened  steel 
diaphragms  of  various  thicknesses 
would  be  1.5  psi  at  0.010  inch,  12  psi 
at  0.020  inch,  40  psi  at  0.030  inch, 

'  100  psi  at  0.040  inch,  and  200  psi 
at  0.050  inch.  The  natural  vibra¬ 
tion  frequencies  of  these  dia¬ 
phragms  are  respectively  3,960 
7,920,  11,900,  15,800  and  19,800 
cycles  per  second. 

Since  the  modulus  of  elasticity  in 
compression  of  Lucite  is  of  the 
order  of  500,000  psi,  this  material 
cannot  be  used  safely  in  the  design 
shown  at  pressures  beyond  about 
3,000  psi.  Bakelite  or  other  insu¬ 
lators  having  higher  compression 
modulus  would  have  to  be  substi¬ 
tuted,  but  these  have  a  higher  di¬ 
electric  constant  which  should  be 
avoided.  It  would  be  best  for  opera¬ 
tion  in  the  range  up  to  10,000  psi  tc 
use  a  design  in  which  the  dia- 
phraghm  and  shell  are  combined 
integrally  by  machining  from  a  sin¬ 
gle  piece  of  steel,  thus  avoiding 
strain  on  the  insulating  space  plug. 
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F-M  Chain  Broadcasting 


Economic  salvation  for  the  small  f-m  broadcaster  may  lie  in  the  methods  of  relaying  hijrli- 
fidelity  programs  from  one  station  to  another  now  used  by  the  Continental  Network  ami 
others.  Techniques  employed  successfully  since  1939  include  one  that  tloes  not  reqiiiiT 

conversion  to  audio 


ish  than  their  new  and  enthusiastic  the  success  of  these  relays,  P.  A. 
colleagues,  the  methods  by  which  deMars,  technical  director  of  the 
they  achieved  success  in  a  relatively  Yankee  Network,  felt  secure  ir. 
uncharted  area  were  less  often  dry  planning  a  three-station  network 
victories  of  the  slide  rule  than  the  without  wires.  He  had  been  further 
adoption  of  Major  Armstrong’s  phi-  encouraged  by  frequent  periods  of 
losophy, — “Make  it  work;  then  find  good  reception  on  Mount  Washin?- 
out  what  makes  it  work”.  New-  ton,  N.  H.  (37,600  feet  below  the 
comers  in  the  f-m  field  may  be  optical  horizon)  of  Alpine  signal? 
heartened  by  a  review  of  a  success-  on  44.1  megacycles  since  1938. 
ful  past  as  well  as  by  an  active  This  original  commercial  relay 
present.  The  facts  are  here.  system  comprises  a  low-power 

^  transmitter  operating  on  156  mega- 

. . '"ySy**"  ,  eycles  (first  assigned  133  me) 

The  technique  of  relaying  f-m  located  on  the  roof  of  the  Boston 
programs  from  a  high-frequency  studios  used  to  program  the  a-m 
low-power  station  to  a  lower-frequ-  and  f-m  stations  of  the  Yankee  Net- 
ency  high-power  station  more  suit-  work.  The  signals  from  WEOD. 
able  for  broadcast  coverage  origin-  Boston,  are  beamed  towards  the 
ated  in  the  early  experiments  of  main  50-kilowatt  transmitter 
E.  H.  Armstrong  and  C.  R.  Runyon,  WGTR  in  Paxton,  Mass.,  serving 
Jr.,  particularly  between  Yonkers,  Boston  and  southern  New  England. 
N.  Y.  and  Alpine,  N.  J.  Aware  of  and  are  picked  up  there,  about  45 


There  are  many  aspects  to  the 
problem  of  f-m  broadcast  eco¬ 
nomics,  all  leading  to  the  important 
consideration,  can  f-m  pay  its  way? 
One  important  factor  is  how  to  uti¬ 
lize  a  good,  and  probably  expensive, 
live-talent  program  on  two  or  more 
stations,  each  of  which  is  located  in 
a  mutually  noncompetitive  market 
area.  This  is  a  problem  that  can 
not  be  solved  by  the  vice-president 
in  charge  of  advertising  sales  alone, 
nor  by  the  technical  director  alone. 
But  both  these  men  know,  or  should 
know,  that  they  are  treading  on 
neither  strange  nor  dangerous 
ground  when  considering  the  feasi¬ 
bility  of  chain  f-m  broadcasting. 

A  certain  elementary  book  on 
calculus  bears  an  inscription  to  the 
effect  that  what  one  fool  can  learn 
another  can  also.  Although  the  f-m 
pioneers  are  certainly  no  more  fool- 
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North  Carolina  demonstration 
relay  net  planned  for  Na¬ 
tional  Radio  Week.  Oct.  27- 
Nov.  1.  Other  possible  relay 
paths  are  also  indicated 


Present  northeastern  terminus  oi  the 
Yankee  and  Continental  f-m  Networks,  on 
Mt.  Washington,  N.  H.  The  upper  boys 
of  the  turnstile  antenna  are  used  for  high- 
bond  tronsmissions 


miles  away,  on  a  directional  receiv¬ 
ing  array.  The  program  is  then 
broadcast  on  44.3  and  99.1  me  and 
picked  up  on  Mt.  Washington,  N.  H., 
about  140  miles  away,  where  it  is 
rebroadcast  from  WMNE,  serving 
northern  New  England  on  46.1  and 
100.5  me.  Broadcasts  from  Paxton 
started  in  May,  1939  and  from 
Mount  Washington  during  the  win¬ 
ter  of  1939-40.  Although  there  have 
been  failures  at  various  points  in 
the  circuits  the  total  time  off  the 
air  has  been  such  an  extremely 
small  fraction  of  the  total  that  it 
has  never  been  considered  necessary 
even  to  install  local  turntables  and 
transcriptions  so  as  to  provide  local 
sustaining  programs  during  re¬ 
pairs. 

In  general,  two  modulator  equip¬ 
ments  are  provided  at  each  station. 
The  class-C  amplifiers  following  are 
not  overworked  and  give  relatively 
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000  cycles  at  an  initial  cost,  to  be 
borne  by  the  broadcaster,  of  more 
than  $75,000.  The  usual  toll  charges 
for  use  of  the  facility  would  follow. 
There  could  be  no  guarantee  that 
the  line  would  be  noise-free.  On 
that  account,  the  radio  program  cir¬ 
cuit  was  adopted  as  a  major  tenet 
of  the  plan,  and  Radio  Engineering 
Laboratories  furnished  a  unique 
133-mc  transmitter  built  to  Major 
Armstrong’s  specifications  at  a 
fraction  of  the  wire  line  cost. 


from  accumulations  of  ice  or  the 
force  of  superhurricane  winds,  a 
wooden  tower  was  included  in  the 
special  building  design  Lu  house 
receiving  or  emergency  transmit- 
ting  antennas. 

The  receivers  used  in  the  relay 
technique  were  originally  simply 
good  f-m  receivers  built  for  Major 
Armstrong  for  general  demonstra¬ 
tion  purposes.  When  Mount  Wash¬ 
ington  went  on  the  air,  the  General 
Electric  type  JFM-90  home  receiver 
had  become  available  and  so  this 
equipment  was  modified  slightly  for 
somewhat  greater  r-f  gain  and 
selectivity  as  well  as  for  a  more 
convenient  output  impedance.  In 
general  all  these  receivers  were  also 
provided  with  two  audio  outputs, 
one  with  a  standard  RMA  restorer 
(de-emphasis  circuit)  for  audio 
monitoring  and  the  other  maintain¬ 
ing  the  pre-emphasis  introduced  in 
the  original  transmitter.  In  this 
way,  it  is  not  necessary  to  restore 
and  pre-emphasize  the  signal  again 
at  each  succeeding  station  in  the 
chain.  At  a  later  date,  simple 
heterodyne  converters  were  added 
to  the  JFM-90  receivers  and  they 
serve  for  reception  on  156  mega¬ 
cycles  as  well. 


Mount  Washington  is  remote 
from  good  wire  lines.  The  broad¬ 
casting  facilities  designed  to  use  to 
best  advantage  the  summit  of  the 
peak  were  approachable,  at  best, 
through  7  miles  of  woods,  to  the 
foot  of  the  mountain,  and  then  three 
miles  upward  along  a  cog  railroad. 
Although  winter  telephone  commun¬ 
ication  has  been  maintained  off 
and  on  since  1932  along  this  route, 
the  cost  of  installing  high-fidelity 
lines  from  the  nearest  suitable  toll 
center  and  maintaining  them  in  the 
high  winds  and  other  generally  in¬ 
clement  weather  would  be  extremely 
costly.  Practically,  the  only  way  to 
program  a  Mount  Washington 
transmitter  is  by  radio  link. 

The  techniques  and  equipment 
required  for  the  relay  system  are 
simple,  but  the  actual  installations 
made  were  designed  for  less  than 
optimum  conditions.  At  the  Boston 
studios  (WEOD),  a  3-element  array 
of  dipoles,  reflectors  and  directors 
mounted  one  above  the  other  on  a 
steel  mast  on  the  roof  of  the  build¬ 
ing  was  used.  At  Paxton  a  pair  of 
multiwave  vee  antennas,  one  above 
the  other  and  each  backed  by  a 
closely  spaced  parasitic  reflector, 
furnished  more  than  adequate  gain 
for  the  program  receiver  used.  In 
actual  practice,  the  final  amplifier 
in  Boston  was  discarded  at  the  time 
of  a  change  in  frequency  assign- 
Time  has  indeed  shown  the  feasi-  ment  from  133  to  156  me.  Besides 
bility  of  the  Yankee  Network  sys-  tolerating  a  power  reduction  at  the 
tern,  but  the  original  daring  concep-  relay  transmitter,  it  was  found  that 
tion  of  the  network  was  predicated  under  conditions  of  abnormal  icing 
on  two  points.  Although  it  might  at  Paxton  a  simple  dipole  with  re- 
have  been  possible  to  program  the  fleeter  and  director,  mounted  behind 
Paxton  transmitter  by  a  wire  line,  a  glass-block  wall  near  the  50-kw 
such  facilities  were  not  then  avail-  transmitter,  furnished  adequate 
able.  The  best  offer  that  the  tele-  signal  for  the  program  circuit, 
phone  company  could  make  was  a  On  Mount  Washington  where 
line  reasonably  flat  ffom  30  to  15,-  small  structures  must  be  protected 


Intercompany  Relays 

On  Dec.  4,  1939,  a  program  origi¬ 
nating  at  W2XCR  in  Yonkers  was 
picked  up  and  relayed  through 
W2XMN  Alpine,  then  rebroadcast 
from  WIXPW,  operated  by  Frank¬ 
lin  M.  Doolittle  at  Meriden,  Conn., 
since  May  13,  1939.  The  success 
of  this  venture  created  considerable 
furore  and  K.  B.  Warner  of  the 
American  Radio  Relay  League 
stated :  “In  10  years  there  won’t  be 
any  orthodox  brand  of  broadcasting 
remaining  except  for  the  lowest 
grade  of  local  service’’.  Early  in  the 
morning  of  Dec.  29  a  similar  test 
program  was  tried  again,  this  time 
including  the  Paxton  transmitter. 
No  difficulty  was  experienced  when 
the  Meriden  program  was  picked  up 
at  a  farmhouse  somewhat  lower  in 
elevation  than  the  station  and  sent 
through  about  a  thousand  yards  of 
wire  line  to  the  transmitter  modula¬ 
tor.  The  remote  receiver  and  an¬ 
tenna  were  soon  replaced  by  a  local 
antenna  and  a  receiver  in  the  trans¬ 
mitter  building.-  On  Jan.  4  and 
again  on  Jan.  5,  1940,  an  hour’s 


Boom  antenna  for  156  me  atop  Yank** 
Network  studios  in  Boston  is  used  to  pro¬ 
gram  Paxton  transmitter  about  45  miles  to 
west 


little  trouble.  In  a  few  instances, 
the  50-kw  pushpull  amplifier  at  Pax¬ 
ton  was  operated  from  several  hours 
up  to  two  days  with  only  one  tube 
filament  lighted.  Slight  retuning  of 
the  final  was  necessary,  but  the 
majority  of  listeners  were  never 
aware  of  the  impairment  to  the 
signal  strength. 

Cost  Considerations 
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program  starting  at  6  pm  was  orig-  Hartford  were  relayed  in  the  re- 
inated  in  Yonkers  and  sent  over  verse  direction  through  the  Meri- 
the  net  for  the  benefit  of  regu-  den  station. 

lar  listeners.  Mount  Washington  For  three  months,  the  Paxton 
received  the  program  and  relayed  it  programs  were  picked  up  at  Trum- 
by  a-m  to  the  communications  bull,  Conn.,  relayed  on  about  160 
center  in  Boston,  where  it  was  put  and  later  200  megacycles,  picked  up 
on  a  telephone  line  and  returned  at  Alpine  with  a  comer-refiector 
to  Yonkers.  antenna  on  the  middle  arm  of  the 

On  Feb.  21,  the  Paxton  program  famous  tower,  and  fed  via  a  coaxial 
was  successfully  rebroadcast  dur-  line  to  the  receiver  that  program¬ 
ing  a  15-minute  test  by  the  a-m  sta-  med  the  Alpine  transmitter,  pro- 
tions  WNAC  Boston  and  WEAN  viding  a  two-way  circuit  between 
Providence.  With  this  success,  a  Alpine  and  Paxton, 
new  chain  was  composed  for  a  half-  Some  different  relay  techniques 
hour  broadcast  on  the  evening  of  were  also  employed  experimentally. 
Feb.  29,  using  W2XAG  Yonkers  Instead  of  receiving  a  signal,  con- 
(key  station),  W2XMN  Alpine,  verting  it  to  audio  and  using  it  to 
WIXPW  Meriden,  WIXOJ  Paxton  modulate  another  transmitter,  the 
and  WIXER  Mount  Washington, —  incoming  carrier  signal  was  caused 
all  f-m  stations.  In  addition,  the  to  beat  with  a  local  oscillator  so  the 
Alpine  broadcast  was  picked  up  by  difference  frequency  that  was 
a-m  station  WICC  Bridgeport.  Sta-  further  amplified  occurred  at  the 
tions  WEAN  Providence,  and  assigned  carrier  frequency  of  the 
WAAB  Boston  picked  up  the  Paxton  relay  station.  This  system  was  used 
broadcast.  Listeners  in  Boston  to  for  some  time  with  great  success  at 
the  Mount  Washington  f-m  broad-  Meriden  in  relaying  to  the  north, 
cast  felt  that  it  was  fully  as  good  as  Beginning  March  3,  1942,  f-m 
that  from  Paxton.  chain  broadcasting  came  of  age 

Further  relay  experiments  con-  when  General  Electric  paid  out  cash 
ducted  during  1940  were  compli-  money  to  sponsor  the  Frazier  Hunt 
cated  by  the  continual  violent  evolu-  news  program  Tuesday,  Thursday 
tion  of  the  stations.  At  Paxton  and  Saturday  evenings  until  May 
alone  from  May  1939  until  May  29,  1943.  The  American  Network 
1941  transmitter  power  was  raised  chain  included  W53PH  (now  WFIL- 
from  2  to  50  kilowatts  and  three  FM)  Philadelphia  which  picked  up* 
different  types  of  turnstile  antennas  Alpine  direct,  W71NY  (now 
were  tried.  One  imposing  400-foot  WBAM)  New  York,  W2XMN  Al- 
tower  toppled  over  in  an  ice-  and  pine,  W65H  (now  WDRC-FM) 
wind-storm  early  on  the  morning  Meriden,  W43B  (NowWGTR)  Pax- 
of  Jan.  15,  1940.  Every  change  in  ton,  W47A  (now  WBCA  Schenec- 
transmitting  power  or  antenna  re-  tady)  Albany  and  W39B  (now 
quired  at  least  a  slight  change  in  WMNE)  Mount  Washington.  The 
the  receiving  setup.  broadcasts  went  off  with  little  tech- 

Yet  despite  these  difficulties  it  nical  difficulty,  but  unfortunately 
was  possible  to  relay  a  live  half-  the  program  was  transcribed — a 
hour  dinner  music  program  from  fact  only  too  apparent  with  the 
Meriden  through  the  Yankee  f-m  high-fidelity  equipment  used ! 

network  six  days  a  week  from  Janu-  _  .  _  ^ 

_ _ t\ _ 1 _  It  roitwor  r«M 


Radio-ralay  rece'iTing  panel  used  at  FMA 
convention  demonstration.  Two  tu  meters 
for  monitoring,  high  and  low-bond  tunable 
receiver,  lackiield.  amplifier,  and  two  fixed- 
tune  receivers  can  be  switched  at  will  or 
automaticolly  by  time  clocks  below 


cycles.  Transmitters  with  any  ap¬ 
preciable  power  were  not  immedi¬ 
ately  available  for  the  new  band. 

With  understandable  if  not  com¬ 
mendable  hesitancy,  many  manufac¬ 
turers  of  receivers  put  off  the  evil 
day  when  a  choice  would  have  to  be 
made  whether  to  manufacture  high- 
band  or  high-and-low-band  f-m 
receivers,  or  no  f-m  receivers  at  all. 
F-m  program  material  generally 
deteriorated  or  broadcasting  time 
was  cut  because  of  an  edict  from  the 
head  of  the  American  Federation  of 
Musicians  banning  duplication  of 
a-m  programs  on  f-m  stations  unless 
suitable  quid  pro  quo  was  forthcom¬ 
ing  from  the  broadcasters. 

Once  again,  under  the  aegis  of  the 
pioneers  the  Gordian  knot  has  been 
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Tempeiature  Cbntiol 
for  Octane  Tests 


Tran»formIe8s  vacuum-tube  relay  circuit  controls  temperature  of  gas-air  mix¬ 
ture  fed  into  knock-testing  engine  by  switching  electric  heater  from  low  heat  to  high 
heat  as  often  as  250  times  per  minute.  In  industrial  service,  the  117N7GT  tubes 

used  are  highly  reliable 


By  PIERRE  J.  MALRAISON 

l/onn/  I  #  mon,  \  .  )  . 


Bimetallic  Thermostat 


CONTROL  of  the  temperature  of 
the  gasoline-air  mixture  fed 
into  a  knock-testing  engine  pre¬ 
sented  a  series  of  interesting  tech¬ 
nical  problems.  According  to  ASTM 
specifications,  the  mixture  tem¬ 
perature  must  be  maintained  at 


300F  zb2F  as  indicated  by  mercury 
thermometer.  The  equipment  de¬ 
scribed  here  has  been  approved  as 
optional  by  the  ASTM. 

The  fuel  intake  system  of  the  en¬ 
gine  is  diagrammed  in  Fig.  1.  Air 
is  supplied  to  the  carburetor  where 


it  is  mixed  with  atomized  gasoline. 
The  gasoline  and  air  mixture  passes 
•through  a  heater  housing  contain¬ 
ing  a  two-blade  1-kw  immersion- 
type  heater.  It  then  passes  around 
the  bulb  of  the  indicating  thermom¬ 
eter  and  into  the  engine. 

The  operating  temperature  of  the 
mixture  is  well  above  its  flash  point 
and  only  slightly  below  the  fire 
point,  so  that  the  most  minute  spark 
in  this  portion  of  the  system  will 
cause  a  partial  or  total  combustion 
of  the  mixture  before  intake,  de¬ 
stroying  the  validity  of  the  test. 
The  lag  of  the  heating  system  is 
very  large  compared  to  that  of  a 
system  specifically  designed  for 
automatic  control,  but  could  not  be 
changed  without  exhaustive  test 
work  to  prove  that  the  changes 
would  not  affect  the  existing  data. 


Tests  showed  that  the  most  satis¬ 
factory  sensing  element  for  control 
was  a  bimetallic  strip  mounted  in 
the  intake  stream  of  the  engine  as 
near  the  indicating  thermometer  as 
practicable,  with  contacts  arranged 
to  close  with  rising  temperature. 
Since  the  volume  of  the  heater  hous¬ 
ing  is  considerably  less  than  the 
volume  of  the  cylinder,  the  mixture 
travels  through  the  housing  at  a 
high  velocity  during  the  intake 
stroke  of  each  cycle. 

An  oscillation  of  the  bimetal  due 
to  mechanical  action  of  the  mixture 
stream  on  the  bimetal  and  to  cool¬ 
ing  of  the  strip  as  the  tail  of  the 


Knock-testing  engine  in  Ethyl  Corporation  plant,  using  Malraison  Mixture  Thermostat 
tor  maintoining  temperature  of  gas-air  input  mixtiue  within  2  degrees  of  300  F  as 
indicated  by  mercury  thermometer.  Vacuum-tube  relay  housing  is  mounted  behind 
control  panel  at  eye.  level 


electronics  —  November,  1947 


99 


badly  frayed.  The  Continental  Net¬ 
work  with  WASH-FM  Washington 
as  key  station,  has  been  picking  up 
since  March  26,  1947  public-service 
concerts  of  Army  and  Army  Air 
Force  bands,  relaying  them  by  wire 
line  and  the  rebroadcasting  tech¬ 
nique  to  an  ever  increasing  network 
'of  f-m  stations.  Wire  lines,  neces¬ 
sary  until  the  participating  sta¬ 
tions  increase  power  or  decrease 
distance  between  relays,  constitute 
a  bottleneck  so  far  as  fidelity  is  con¬ 
cerned.  It  has  not  yet  been  pos¬ 
sible  to  obtain  intercity  telephone 
facilities  that  pass  higher  than 
8,000  cycles  a  second  so  that  with 
the  exception  of  the  key  station,  and 
despite  the  extensive  radio  links, 
fsee  map)  the  listeners  lose  a  cer¬ 
tain  amount  of  the  program’s 
realisni.  The  noise-free  aspect  is. 
however,  a  boon  contributing  a 
greater  share  to  enjoyment  than 
can  be  understood  without  listening. 

It  is  probably  not  without  sig¬ 
nificance  that  most  of  the  relay  cir¬ 
cuits  emanate  from  the  older  sta¬ 
tions  that  are  licensed  to  broadcast 
on  both  the  low  and  the  high  bands. 
It  is  likely  that  consistent  reception 
over  distances  possible  with  the  low 
band  may  require  greater  power  or 
more  intermediates  when  the  high- 
band  frequencies  are  used. 

At  the  moment  of  this  writing 
Continental  has  grown  to  28  sta¬ 
tions,  using  ">73  miles  of  wire  line 
and  over  1,400  miles  of  radio  relays, 
and  i.s  still  expanding  rapidly. 
Starting  Sept.  12,  1947,  commercial 
operation  of  the  network  was  begun 
with  a  half-hour  program  from 
WHFM  Rochester  sponsored  by 
Stromberg-Carlson  following  a 
half-hour  sustaining  show.  The 
schedule  was  varied  on  the  first  eve¬ 
ning  to  include  a  pickup  from  the 
Frequency  Modulation  Association 
c(tnvention  in  New  York  where 
previously  the  delegates  had  heard 
Alpine  broadcasts  sent  from  Boston 
via  three  relays  and  one  from  Allen¬ 
town.  Pa.  in  two  hops. 

More  than  90  applications  have 
come  in  to  Everett  L.  Dillard  of 
WASH-FM,  president  of  the  Con¬ 
tinental  Netw’ork,  requesting  affilia¬ 
tion,  one  from  the  owner  of  a  poten¬ 
tial  chain  to  cover  California.  There 
are  inquiries  from  Florida  and  the 
Gulf  states.  The  most  immediate  in¬ 
terest  is  in  a  plan  that  calls  for  a  tel¬ 


ephone  line  to  Chicago  with  satellite 
relay  stations  branching  from  the 
wire  line  to  the  north  and  south. 

Practical  technical  limitations  to 
the  length  of  a  relay  chain  without 
wires  is  unknown,  so  that  future 
plans  for  expansion  will  depend  on 
further  experience.  The  hetero¬ 
dyne  frequency-changing  method 
used  successfully  at  the  Meriden 
station  is  thought  to  be  the  most 
satisfactory  solution,  and  the  tech¬ 
nique  is  being  further  developed 
experimentally. 

Tb*  North  Carolina  State  Hooknp 

The  mountainous  region  in  the 
Carolinas  has  proved,  like  New 
England,  a  fertile  ground  for  f-m 
broadcasting.  A-m  signals  are  so 
rapidly  attenuated  that  it  is  not 
economically,  feasible  to  give  large 
segments  of  territory  with  small 
populations  adequate  or  enjoyable 
service.  F-m,  on  the  other  hand, 
is  much  less  adversely  affected  by 
the  terrain,  particularly  since  high 
land  is  available  for  the  siting 
of  stations. 

Plans  are  being  formulated  by 
the  North  Carolina  FM  Association 
for  a  statewide,  one-time  hookup  of 
f-m  stations  that  are  on  the  air  in 
time  to  participate  in  a  broadcast 
to  take  place  during  National  Radio 
Week.  Oct.  26  through  Nov.  2.  A 
map  included  here  shows  the  ten 
stations  most  likely  to  take  part  as 
heavy  dots  and  the  six  remaining 
licensees  as  open  circles.  Relay 
paths  expected  to  be  used  are  indi¬ 
cated  by  solid  lines.  These  circuits 
will  probably  be  used  in  both  direc¬ 
tions  as  each  station  takes  over  as 
key  station  of  the  net,  puts  on  its 
best  program  and  then  retires  to  a 
relay  function  as  the  next  station 
originates  rather  than  relays  a 
program.  The  stations  show'n  as 
.squares  are  added  to  this  map  for 
convenience,  but  will  not  take  part 
in  the  Radio  Week"  hookup.  The 
dotted  lines  show  circuits  that  have 
been  already  tried  experimentally  or 
seem  feasible  for  obvious  reasons, 
indicating  possible  future  poten¬ 
tialities  for  relaying. 

Missauri-Kansas  Net 

Aside  from  the  many  inevitable 
studio-transmitter  links  connecting 
remote  transmitters  with  their  pro¬ 
gram  source,  there  are  other  station 


networks  now  in  operation  or  in 
the  formulative  stage.  Ambitious 
plans  for  a  Missuuri-Kansas  net¬ 
work  have  been  set  into  motion  by 
the  establishment  of  a  receiving 
station  atop  the  Kansan  Hotel  in 
Topeka,  Kansas  for  reception  of 
KOZY,  Kansas  City,  Mo.  One  half- 
hour  show  each  Sunday  is  by  this 
means  picked  up  and  rebroadcast  by 
WIBW-FM.  As  soon  as  station 
facilities  at  KOZY,  now  undergoing 
alteration,  shall  have  reached  a 
stable  state  more  extensive  hookups, 
possibly  on  a  commercial  basis,  will 
be  tried. 

Owners  of  Radio  Diablo,  operat¬ 
ing  A  50-kw  high-band  transmitter, 
are  considering  establishment  of  a 
relay  network  that  will  tie  together 
Los  Angeles  and  Mt.  Diablo,  Calif. 
The  latter  station  will  then  program 
transmitters  in  outlying  communi¬ 
ties  roughly  representing  a  hub  to 
the  spokes  formed  by  the  relay  cir¬ 
cuits. 

Although  f-m  relays  can  do  much 
to  aid  the  growth  of  a  new  broad¬ 
casting  service  and  the  inexpensive 
dissemination  of  good  programs, 
the  time  may  eventually  come  when 
the  f-m  broadcaster  will  find  it 
necessary  to  re-evaluate  his  posi¬ 
tion.  A  few  moments,  or  even  an 
hour  of  lost  time  from  a  sustaining 
program  at  this  stage  of  the  game 
can  be  tolerated,  although  it  is 
undesirable.  When  more  and  more 
commercial  programs  are  handled, 
the  broadcaster  may  find  that  the 
additional  expense  of  wire  lines  is 
still  less  than  the  maintenance  of 
standby  equipment  at  each  station 
in  a  long  chain.  While  it  is  still  too 
early  to  predict  the  exact  shape  of 
the  combined  wire  and  relay  facili¬ 
ties  to  be  used  by  f-m  broadcasters, 
it  seems  safe  to  assume  that  nearly 
as  many  miles  of  wire,  coaxial,  or 
microwave  circuits  will  be  used  in 
the  future  as  for  the  present  major 
a-m  networks. 
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Vacuum-tube  relay  unit.  Phantom  rlew  of 
cover  was  obtained  by  taking  two  ex- 
poeurea  on  same  negatlTe.  one  with  and 
one  without  cover 

ered  in  many  industrial  plants.  The 
rectifier  and  electrolytic  capacitor 
provide  sufficient  filtering  to  elimi¬ 
nate  synchronization  with  power 
line  frequencies. 

The  circuit  is  arranged  so  that 
plate  current  flows  with  the  grid 
circuit  open.  Adjustment  of  the 
various  clearances,  spring  tensions, 
and  the  cathode  circuit  potentiom¬ 
eter  are  made  so  that  when  the  Mi¬ 
cro  Switch  is  used  as  an  interrupter 
in  buzzer  fashion  and  connected 
into  the  grid  circuit,  the  relay  will 
operate  at  a  minimum  rate  of  20 
times  a  second  at  95  volts  a-c  input 
and  30  times  a  second  at  normal 
line  voltage  of  117  volts  a-c.  Ac¬ 
ceptance  tests  require  that  it  shall 
continue  to  function  at  140  volts 
input  These  speeds  are  adequate 
for  the  control  of  temperature  on 
engines  in  the  ASTM  motor,  re¬ 
search,  and  aviation  knock-testing 
methods. 

In  order  to  provide  continuous 
service  from  an  installation  it 
is  customary  to  change  Micro 
Switches  after  approximately  2,000 
hours  of  service.  On  breakdown 
teats,  switches  have  operated  in  ex¬ 
cess  of  7,000  hours.  While  these 
times  of  operation  do  not  appear 
impressive,  it  is  to  be  noted  that 
the  contacts  can  operate  as  often  as 
once  per  intake  stroke  or  450  times 
per  minute  for  the  900-rpm  ASTM 
motor  method.  By  actual  count. 


contact  closure  occurred  an  average 
of  250  times  per  minute,  which 
means  that  2,000  hours  is  equiva¬ 
lent  to  30,000,000  contact  closures. 

Since  the  installation  of  the 
switch  and  adjustment  of  the  relay 
to  these  operating  conditions  are 
fairly  critical,  the  relay  has  been 
assembled  on  a  plug-in  mount  so 
that  the  changeover  can  be  facili¬ 
tated  and  factory,  service  of  the 
units  easily  provided.  Parts  requir¬ 
ing  adjustment  for  individual  in¬ 
stallations,  such  as  the  0.5-megohm 
resistor  and  a  7-ohm  adjustable  se¬ 
ries  resistor,  are  installed  in  a  junc¬ 
tion  box  having  a  receptacle  for  the 
plug-in  amplifier  unit.  .The  series 
resistor  is  adjusted  to  give  a  2-am¬ 
pere  reduction  in  electric  heater 
current  on  a  110- volt  line.  The  line 
voltage  is  adjusted  so  that  the  aver¬ 
age  of  the  high  and  low  heater  cur¬ 
rents  is  approximately  equal  to  7.5 
amperes  on  110-volt  lines.  This  is* 
accomplished  by  means  of  the 
standard  manual  temperature-con¬ 
trol  rheostat  supplied  with  each  en¬ 
gine  for  the  electric  heater. 

Operation  of  Relay 

When  the  engine  is  started,  the 
Micro  Switch  is  open  and  current 
flows  through  the  series  resistor  to 
the  electric  heater.  As  soon  as  the 
117N7  tube  has  warmed  up  to  the 
point  where  plate  current  is  drawn, 
the  relay  pulls  in  to  close  the  Micro 
Switch,  permitting  high-heat  cur¬ 
rent  to  flow  directly  to  the  heating 
element.  As  the  temperature  of  the 
intake  mixture  rises,  the  mean  posi¬ 
tion  of  the  bimetallic  strip  moves 
nearer  the  adjustable  contact  As 
the  temperature  approaches  the  de¬ 
sired  point,  the  bimetallic  strip 
makes  instantaneous  contact  at  the 
crest  of  its  upward  movement, 
grounding  the  grid  of  the  tube  and 
cutting  plate  current  nearly  to  zero. 
The  relay  drops  out  and  the  Micro 
Switch  opens,  thereby  removing  the 


short  from  across  the  series  re¬ 
sistor  and  reducing  the  current  to 
low-heat  value. 

As  soon  as  the  momentary  con¬ 
tact  is  broken,  the  plate  current 
goes  up  and  initial  high-heat  condi¬ 
tions  are  restored.  As  temperature 
continues  to  rise,  the  time  of  con¬ 
tact  closure  on  the  bimetal  increases 
until  an  equilibrium  is  reached  at 
which  the  correct  average  heat  in¬ 
put  is  supplied. 

Variations  in  line  voltage,  ambi- 
•ent  temperature,  and  latent  heat  of 
fuel  are  compensated  for  automati¬ 
cally  by  changes  in  the  time  of  con¬ 
tact  closure.  It  is  notable  that  the 
approach  to  equilibrium  is  assrmp- 
totic  and  that  the  equilibrium  is 
mobile.  Under  these  conditions  the 
system  provides  a  degree  of  antici¬ 
pation  of  heat  requirement  which 
permits  stability  within  the  desired 
limits  even  with  rapidly  varying 
conditions.  For  instance,  when 
changing  from  fuel  to  fuel  by 
means  of  the  carburetor  selector 
valve,  with  benzene  having  a  latent 
heat  of  about  75  calories  per  gram 
in  one  bowl  and  ethyl  alcohol  having 
a  latent  heat  of  about  200  calories 
per  gram  in  another,  sensible  equi¬ 
librium  was  reached  within  one 
minute. 

Except  in  one  instance  when  the 
fuel  could  not  be  vaporized  in  the 
heater  housing  and  both  the  bimetal 
and  thermometer  bulb  became  wet 
with  fuel  and  therefore  could  not 
be  depended  upon,  it  has  alwa3r8 
been  possible  to  maintain  thermom¬ 
eter  readings  constant  within  ±2 
degrees  F.  Under  average  condi¬ 
tions,  control  to  =t0.5  degrees  F  is 
readily  achieved  and  certain  oper¬ 
ators  have  reported  even  closer  con¬ 
trol. 

The  author  wishes  to  acknowl¬ 
edge  the  cooperation  given  him  by 
J.  C.  Pope  and  E.  N.  Gamsey  of  the 
Ethyl  Corporation  in  designing  and 
testing  the  initial  equipment. 


OTHER  INDUSTRIAL  APPLICATIONS 

Similar  relay  units  hava  been  used  to  control  the  temperature  of  water 
baths  to  within  0.0001  degrea  C  and  air  baths  to  within  0.001  dagraa  C 

With  suitabla  hair  hygrometers  or  humidity-sensitive  resistors,  the  unit  is 
readily  adapted  for  control  of  humidity 

Use  of  photoelectric  input  provides  a  rugged  counter,  alarm  circuit,  or 
safety  circuit  for  industrial  use 
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FIG.  1 — Block  diagram  oi  knock-tMting  ongino  osod  for  do- 
tormination  oi  octcmo  rotiogo  of  Torioao  gooolineo  in  rofinorioo 
and  potibloum-tosting  loboratorioo.  ohowing  location  of  bimetol 
OMombly  usod  with  Tocuum  tnbo  for  tomporature  control 


FIG.  2 — Circuit  of  Tocunm-tnbo  roloy  horing  unique  adTon- 
tages  for  industrial  control  opplications.  Plug-in  feature  per¬ 
mits  carrying  standby  unit  in  plant  for  quick  replacement  of 
entire  amplifier  unit  in  case  oi  tube  failure  or  other  trouble 


charge  passed  through  was  noted. 
Although  no  measurements  of  these 
rapid  changes  in  temperature  have 
been  achieved,  it  is  obvious  from 
the  characteristics  of  the  system 
that  they  are  present.  The  bimetal 
contacts  are  connected  into  the  grid 
circuit  as  shown  in  Fig.  2. 

Confaet  Probloms 

In  initial  tests  a  conventional 
vacuum-tube  relay  was  used,  with 
raw  a-c  fed  to  the  plate  and  with  a 
capacitor  across  the  relay  coil  to 
eliminate  chatter. 

A  spark  (believed  due  to  the  dis¬ 
charge  of  the  grid-cathode  inter¬ 
electrode  capacitance)  was  observed 
at  the  contacts  of  the  bimetallic 
strip.  The  current  at  this  point  is 
of  the  order  of  microamperes  and 
gives  no  spark  with  the  tube  dis¬ 
connected.  A  0.5-megohm  resistor 
in  series  with  the  grid  of  the  tube 
successfully  eliminated  the  spark. 

The  lag  of  the  heating  system 
was  so  great  that  it  was  impossible 
to  achieve  control  to  better  than 
±15  degrees  F  with  complete  on- 
off  operation.  A  variable  autotrans¬ 
former  was  inserted  to  limit  the 
high-heat  current,  and  a  series  re¬ 
sistor  shunted  by  the  Micro  Switch 
in  the  vacuum-tube  relay  was  in¬ 
stalled  to  limit  the  low-heat  current. 
In  order  to  provide  temperature 
control  to  ±1  degree  F  it  was  found 
necessary  to  adjust  the  differential 


between  high  heat  and  low  heat  to 
such  a  small  value  that  manual  con¬ 
trol  was  required  to  compensate  for 
any  but  the  smallest  changes  in 
temperature-influencing  factors. 
The  capacitance  across  the  relay 
coil  was  then  reduced  so  that  the 
relay  would  respond  to  10  contacts 
per  second  and  a  passable  degree  of 
automatic  control  was  achieved. 
Under  these  conditions  the  switch 
life  varied  from  4  hours  to  1,000 
hours,  depending  on  the  installation. 

Since  a  relay  which  gave  a  thou¬ 
sand  hours  service  in  one  laboratory 
gave  4  hours  service  in  another 
(where  an  isolation  transformer 
was  required  between  the  line  and 
the  relay) ,  it  was  guessed  that  some 
sort  of  synchronization  occurred 
between  the  power  line  frequencies 
and  the  operation  of  the  relay.  This 
guess  was  confirmed  by  inspection 
of  the  switch  contact  points,  which 
in  every  case  had  the  characteristic 
appearance  of  having  carried  direct 
current.  In  other  words,  the  con¬ 
tacts  were  always  breaking  on  the 
same  portion  of  the  a-c  cycle. 

A  rectifier  and  filter  capacitor 
were  inserted  to  provide  d-c  plate 
current  for  the  tube,  and  the  ca¬ 
pacitor  across  the  relay  was  re¬ 
moved  from  the  circuit.  Inspection 
of  the  switch  contacts  after  500 
hours  of  operation  showed  a  satin 
finish  characteristic  of  a-c  service. 
From  the  data  obtained,  an  im¬ 


proved  Micro  Switch  was  developed 
for  this  relay  and  was  used  with  a 
0.5-/if  capacitor  shunting  it  to  mini¬ 
mize  oxidation  of  the  contacts. 

When  the  capacitor  across  the  re¬ 
lay  coil  was  eliminated,  the  time 
constant  of  the  relay  circuit  was 
markedly  reduced,  permitting  re¬ 
sponse  to  more  than  60  contacts  per 
second  in  the  grid  circuit.  For  a 
given  differential  between  high  heat 
and  low  heat,  larger  and  more  rapid 
variations  in  temperature  influenc¬ 
ing  factors  could  now  be  compen¬ 
sated  for  automatically. 

Relay  Cireeit 

A  universal  a-c/d-c  transformer¬ 
less  circuit  is  used  in  the  relay  be¬ 
cause  of  the  greatly  varying  power 
line  voltages  and  frequencies  en¬ 
countered  in  industrial  plants. 

Tubes  of  the  117-volt  series  are 
used  because  they  have  low  oper¬ 
ating  current  requirements  and 
thus  dissipate  less  heat  than  other 
types.  The  power  output  type  of 
tube  is  used  because  it  has  been 
found  to  give  long,  satisfactory  op¬ 
eration  when  lightly  loaded,  as  it  is 
in  this  application. 

The  10-megohm  resistor  con¬ 
nected  between  grid  and  plate  as¬ 
sures  that  the  grid  will  not  block 
when  the  grid  circuit  is  open.  The 
200-ohm  resistor  was  inserted  in 
the  tube  heater  lead  to  overcome  the 
effects  of  high  line  voltage  encount- 
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Interconnecting  Facilities  for 

Television  Broadcasting 


Video  facilities  now  available,  or  to  be  completed  by  1950,  include  a  12,000-mile  nation¬ 
wide  system  using  coaxial  cable,  local  networks  employing  shielded-pair  telephone  cables, 
and  microwave  radio  circuits.  Provisions  are  made  for  direct  connection  of  broad¬ 
casters’  equipment  to  shielded-pair  systems 


INTERCONNECTING  facilities  for 
television  broadcasting  stations 
fall  into  two  general  classifica¬ 
tions  :  short  haul  circuits,  which  in¬ 
clude  those  connecting  studio  to 
transmitter,  remote  pick-up  point  to 
studio,  and  studio  to  point  of  inter¬ 
connection  with  intercity  networks ; 
and  long  haul  circuits  which  inter¬ 
connect  cities  to  form  networks. ' 

In  both  short  haul  and  long  haul 
circuits,  the  principal  technical 
characteristics  affecting  the  trans¬ 
mission  of  television  signals  are 
(1)  frequency  bandwidth,  (2) 
echoes,  and  transmission  and  phase 


deviations,  and  (3)  noise,  modula¬ 
tion  and  crosstalk. 

The  bandwidth  of  a  given  tele¬ 
vision  transmission  circuit  influ¬ 
ences  the  definition  obtainable  with 
a  particular  rate  and  method  of 
scanning.  Reflections  from  objects 
in  a  radio  path  and  from  imped¬ 
ance  irregularities  in  wire  plant, 
which  cause  deviations  in  the  trans¬ 
mission-frequency  and  phase-fre¬ 
quency  characteristics  of  the  cir¬ 
cuit,  produce  ghosts  in  televi¬ 
sion  pictures.  Transmission  and 
phase  deviations  resulting  from 
causes  other  than  reflections,  such 


as  imperfect  equalization,  give  the 
same  sort  of  picture  ghosts. 
Reflections  may  be  greater  in  one 
part  of  the  band  than  in  another. 
Thus,  a  high-frequency  echo  might 
produce  a  complete  ghost  of  a  thin 
vertical  line,  such  as  a  flagpole, 
while  the  ghost  of  a  wider  object 
would  show  only  at  its  edge.  Very 
short  delay  echoes  produce  picture 
ghosts  so  slightly  displaced  that 
they  merely  blur  the  edges  of  sharp 
discontinuities  in  the  picture.  Long 
delay  echoes,  on  the  other  hand, 
cause  discrete  images  displaced 
from  the  principal  image.  These 
effects  are  minimized  by  introduc¬ 
ing  transmission  and  delay  equal¬ 
izers  at  amplifier  points. 

Systematic  noise  resulting  from 
harmonics  of  the  power  frequency 
produces  objectionable  patterns  on 
the  picture;  resistance  noise  pro¬ 
duces  a  general  fuzziness  and  boil¬ 
ing  effect.  While  raising  the  level 
of  the  signal  can  reduce  the  effects 
of  the  noise,  modulation  in  the  am¬ 
plifiers  tends  to  increase.  This 
modulation  usually  produces  spuri¬ 
ous  patterns  appearing  as  sharp  de¬ 
marcations  in  brightness  over  the 
televised  scene.  Crosstalk  from  an¬ 
other  television  system  produces  a 
type  of  interference  which  shim¬ 
mers,  or  crosstalk  can  result  in  the 
superposition  of  a  weak  copy  of  the 
picture  from  the  interfering  sys¬ 
tem. 


FIG.  1. — Transmissioii  loss-frequency  characteristics  of  regular  telephone  cable  pairs 
as  compared  with  the  characteristic  of  a  polyethylene-insulated  shielded  pair 
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I6-GUA6E  WIRE 
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Special  attention  in  the  design, 
operation  and  layout  of  facilities  is 
required  to  provide  adequate  band¬ 
width  for  good  picture  defiAition,  to 
eliminate  ghosts  and  to  minimize 
noise  and  crosstalk. 
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Shorf  Haul  Circuits 

Short  haul  television  facilities 
are  usually  equalized  to  accommo¬ 
date  a  bandwidth  of  about  4  me. 
Because  of  the  relatively  short 
lengths  of  local  television  circuits, 
carrier  methods  are  not  economical 
when  wire  circuits  are  used  because 
of  the  cost  of  the  terminal  equip¬ 
ment.  Transmission,  therefore,  is 
at  video  frequency,  that  is,  in  a 
band  extending  from  the  very  low 
frequencies  up  to  about  4  me.  The 
associated  sound  channels  are  fur¬ 
nished  separately  over  regular  pro¬ 
gram  transmission  circuits. 

In  large  city  areas,  regular  tele¬ 
phone  cable  pairs  literally  appear 
everywhere  and  consequently  are 
attractive  as  a  vehicle  for  television 
transmission.  The  transmission 
losses  of  such  facilities  at  4  me, 
however,  are  high,  ranging  from 
about  94  db  per  mile,  for  the  small¬ 
est  gauge  cable  conductors  in  gen¬ 
eral  use,  to  36  db  per  mile  for  larger 
gauge  conductors  frequently  found 
along  main  trunk  routes.  These  at¬ 
tenuation  figures  compare  with 
values  of  7  db  to  2J  db  per  mile  at 
8  kc  for  corresponding  types  of 
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FIG.  4 — A  typical  abort  haul  circuit  connects  studio,  telephone  central  office,  and 

remote  pick-up  points 


plant  used  for  sound  program 
transmission.  Figure  1  shows  rep¬ 
resentative  attenuation  character¬ 
istics  of  the  usual  types  of  exchange 
telephone  cables. 

The  use  of  exchange  cable  pairs 
for  television  transmission  requires 
special  preparation  such  as  the  re¬ 
moval  of  all  bridged  taps  and  all 
cable  stubs  over  4  feet  in  length,  the 
removal  of  any  loading  present,  and 
in  some  cases  special  measures  to 
reduce  noise.  Because  of  the  high 
losses  at  the  upper  video  frequen¬ 
cies,  it  is  frequently  desirable,  in 
order  to  minimize  the  number  of 
intermediate  amplifiers  required,  to 
make  special  splices  between  cables 
to  utilize  available  larger  gauge 
cable  conductors  and  obtain  the 
most  favorable  routing. 

The  crosstalk  coupling  between 
cable  pairs  at  the  higher  video 
frequencies  is  high,  limiting 
the  number  of  television  channels 
which  can  be  carried  in  a  single 


cable  sheath,  even  when  they  are 
operated  at  comparable  levels  in  the 
same  direction.  Special  coordina¬ 
tion  measures,  usually  involving 
separate  cable  sheaths,  are  required 
for  oppositely  directed  television 
circuits  along  a  route.  This  high 
crosstalk  coupling  also  introduces 
another  interesting  problem  in  the 
control  of  amplifier  gain,  in  that 
high  level  signals  from  the  output 
of  the  amplifier,  by  cross  induction 
into  other  pairs  of  the  cable,  are 
reintroduced  into  '  the  pair  con¬ 
nected  to  the  input  of  the  amplifier. 

Shi«ld*d>'Pair  Video  Cablet 

In  order  to  overcome  the  limita¬ 
tions  of  regular  telephone  pairs  and 
to  provide  greater  flexibility  in  the 
use  of  the  plant,  shielded  low-loss 
facilities,  designed  specially  for 
video  transmission,  are  now  being 
introduced.  Such  special  conduc¬ 
tors  can  be  provided  most  economi¬ 
cally  when  they  are  included  in  full 


size  cables  along  with  other  pairs 
provided  to  meet  normal  telephone 
requirements.  To  do  this  requires 
long  ra*nge  planning  as  telephone 
cables  are  generally  designed  to 
meet  prospective  requirements  for 
a  number  of  years. 

The  new  shielded  video  facility 
now  being  installed  consists  of  a 
balanced  16-gauge  pair  with  poly¬ 
ethylene  insulation.  The  transmis¬ 
sion  loss  of  this  facility,  also  shown 
in  Fig.  1,  is  about  18  db  per  mile  at 
4  me.  While  initially  circuits  of 
this  type  will  be  equalized  to  4  me, 
the  facility  itself  will  not  be  a  limi¬ 
tation  in  the  transmission  of  much 
wjder  bands  if  the  demand  for  such 
circuits  should  later  materialize. 

The  impedance  of  the  polyethy¬ 
lene  insulated  pair  is  such  that  it 
can  be  spliced  directly  to  regular 
telephone  cable  pairs.  It  is  thus 
possible  to  envision  the  ultimate  de¬ 
velopment  of  a  backbone  television 
network  of  this  type  of  facility 
reaching  the  most  important  tele¬ 
vision  points  in  an  area,  to  which 
regular  telephone  cable  pairs  can 
be  connected  to  reach  occasional 
service  points.  Fundamental  stu¬ 
dies  looking  to  the  orderly  develop¬ 
ment  of  such  networks  are  now 
under  way  in  many  cities. 

One  might  ask  why  the  use  of 
coaxial  structures  is  not  contem¬ 
plated  in  local  areas.  This  type  of 
structure  is  unbalanced  and  since 
local  television  transmission  ex¬ 
tends  down  to  very  low  frequencies 
where  the  shielding  is  not  effective, 
coaxial  cable  is  susceptible  to  low- 
frequency  noise  induction  and 
cross  induction  between  adjacent 
coaxials  within  the  same  cable.  In 
the  intercity  system,  carrier 
methods  put  the  line  transmission 
at  frequencies  where  the  shielding 
can  eliminate  these  effects.  There 
are  a  few  cases  at  present  where 
coaxial  cables  are  being  employed 
for  studio-transmitter  circuits  and 
are  giving  satisfactory  service,  but 
these  circuits  are  short  and  well 
within  the  lengths  at  which  it  is 
possible  to  correct  these  effects. 


Amplifiers  and  Equalixert 


The  amplifiers  and  equalizers  now 
being  used  can  accommodate  line 
sections  averaging  as  high  as  60  db 
loss  at  4  me.  Thus,  depending  on 
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the  gauge  of  conductors  available, 
amplifier  spacings  on  regular  tele¬ 
phone  cable  pairs  will  range  from 
about  0.6  mile  to  about  1.5  miles  for 
the  types  of  cables  usually  encoun¬ 
tered.  In  the  case  of  the  polyethy¬ 
lene-insulated  video  pair,  amplifier 
spacings  of  about  3.5  miles  are 
practicable.  Because  central  office 
spacings  sometimes  exceed  these 
lengths,  it  is  necessary  in  some 
cases  to  use  rented  quarters  as  am¬ 
plifier  locations.  This  involves  a 
number  of  special  considerations 
such  as  finding  suitable  space  near 
the  desired  location,  ready  access 
at  all  hours,  power  supply,  and  the 
like.  The  future  design  of  video 
line  amplifiers  contemplates  supply¬ 
ing  power  over  separate  cable  pairs, 
which  should  simplify  installations 
in  rented  quarters  and  make  possi¬ 
ble  the  installation  of  amplifiers  in 
manholes. 

The  equalization  of  the  line  fa¬ 
cility,  including  amplifiers  and  ter¬ 
minating  equipment,  involves  the 
adjustment  of  the  attenuation  and 
phase  characteristics  over  the  de¬ 
sired  transmission  band.  In  wide¬ 
band  transmission  systems  of  the 
type  being  discussed,  it  is  practi¬ 
cable  to  design  attenuation  equal¬ 
izers  which  also  automatically 
correct  for  the  phase  deviations  ex¬ 
cept  in  the  regions  near  the  edges 
of  the  band.  Since  the  edges  of  the 
band  are  determined  principally  by 
the  characteristics  of  the  amplifiers 
and  associated  attenuation  equaliz¬ 
ers,  the  phase  deviation  is  substan¬ 
tially  independent  of  the  length  of 
line  section  between  amplifiers.  For 
this  reason,  a  relatively  simple  fixed 
network  in  each  amplifier  (except 
the  transmitting  amplifier)  pro¬ 
vides  the  required  phase  correction 
and  the  field  equalization  job  be¬ 
comes  one  of  adjusting  only  the  at¬ 
tenuation  over  the  desired  band. 

The  line  attenuation  equalization 
is  in  the  form  of  fixed  units  to  pro¬ 
vide  basic  equalization  for  various 
lengths  of  circuit.  These  are  sup¬ 
plemented  by  two  variable  equaliz¬ 
ers,  one  which  corrects  for  slope  by 
adjusting  the  loss  at  4  me  with 
reference  to  the  loss  at  10  kc,  and 
the  other  a  bulge  adjustment  for 
varying  the  loss  at  1  me  without 
substantial  effect  on  the  loss  at 
10  kc  or  4  me.  A  portion  of  the 


basic  line  equalization  is  provided 
at  the  output  of  the  amplifier  feed¬ 
ing  the  line  section,  the  remainder 
being  included  in  the  amplifier  ter¬ 
minating  the  line  section.  This 
pre-equalization  improves  the  sig- 
nal-to-noise  ratio  at  higher  video 
frequencies. 

In  order  further  to  minimize  the 
effects  of  noise,  particularly  on 
regular  telephone  cable  pairs,  pre¬ 
distortion  is  employed  at  the  trans¬ 
mitting  point  which  causes  the  4- 
mc  level  to  be  20  db  higher  than  the 
10-kc  level.  A  complementary  res¬ 
toring  network  is  used  at  the  re¬ 
ceiving  end  of  the  circuit. 

Connection  to  Studio  Equipment 

Broadca.sters’  pick-up  and  studio 
equipments  generally  operate  on  an" 
unbalanced  basis.  The  amplifiers 
used  to  connect  such  equipment 
with  the  balanced  telephone  lines 
are  shown  in  Fig.  2.  Block  diagrams  * 
of  these  amplifiers  are  shown  in  Fig. 
3.  Intermediate  line  amplifiers  have 
both  input  and  output  balanced. 
Present  plans  contemplate  that  any 
switching  or  patching  done  in  Tele¬ 
phone  Company  offices  will  be  on  a 
balanced  circuit  basis.  A  typical 
wire  line  video  circuit,  using 
regular  telephone  cable  pairs  and 
the  amplifiers  described,  is  shown  in 
Fig.  4.  Two  frequency  characteris¬ 
tics  of  such  video  circuits  are  showm 
in  Fig.  5. 

Microwave  Radio 

Radio  facilities  for  short  haul 
television  circuits  appear  to  have 
advantages  for  the  occasional  pick¬ 
up  of  a  special  news  or  sports  event, 
and  for  unusual  geographical  situ¬ 
ations,  such  as  that  between  several 


studios  in  Hollywood  and  their  pro¬ 
posed  associated  transmitters  on 
Mount  Wilson.  In  this  latter  case, 
wire  video  circuits  would  require  a 
long  and  circuitous  route  with  many 
amplifiers,  whereas  a  single-link  di¬ 
rect  radio  path  can  be  obtained. 
Radio  circuits  at  microwave  fre¬ 
quencies  need  line-of-sight  trans¬ 
mission  paths,  and  in  addition  fad¬ 
ing  effects  must  be  taken  into 
account  by  allowing  margins  over 
the  requirements  for  normal  free 
space  transmission  conditions. 
Through  the  use  of  highly  directive 
antennas,  difficulties  with  interfer¬ 
ence  and  ghosts  due  to  reflections 
can  be  minimized  and  low  power  can 
be  used.  The  requirement  for  line- 
of-sight  paths  has  in  some  cases  re¬ 
sulted  in  a  combination  wire  and 
radio  circuit,  the  wire  video  facili¬ 
ties  being  employed  to  reach  favor¬ 
able  radio  transmitting  or  receiving 
sites. 

Lonq  Haul  Coaxial  Cable  Systems 

The  search  for  increased  efficiency 
in  the  use  of  conductors  for  multi¬ 
plex  telephony  has  resulted  in  the 
development  of  the  coaxial  cable 
system  which  is  suitable  for  tele¬ 
vision  transmission  as  well.  The 
present  standard  coaxial  unit, 
which  has  been  used  for  installa¬ 
tions  since  1946,  is  0.375  inches  in 
diameter  as  compared  to  0.27  inches 
for  the  earlier  installations.  The  in¬ 
sulating  discs  supporting  the  cen¬ 
tral  conductor  are  now  of  polyethy¬ 
lene  rather  than  hard  rubber  pre¬ 
viously  used.  The  construction  of 
coaxials  and  their  arrangement  in 
a  typical  cable  are  shown  in  the 
photograph.  The  coaxial  itself  does 
not  limit  the  frequency  range  which 


FIG.  5 — Frequency  characteristics  for  two  video  circuits  of  the  type  shown  in  Fig.  3 


iCTRONICS 


ELECTRONICS  — Novemf>er.  1947 


105 


can  be  transmitted.  This  depends 
upon  the  bandwidth  handled  by  the 
amplifiers  and  equalizers  and  the  in¬ 
tervals  at  which  they  are  placed. 

The  general  layout  of  coaxial 
cable  system  is  shown  in  Fig.  6. 
The  present  repeaters  provide  about 
50  db  gain  at  3  me  and  have  a 
gain-frequency  characteristic  which 
very  closely  matches  the  cable  loss 
characteristic.  On  the  new  0.376- 
inch  coaxials,  these  repeaters  are 
spaced  at  intervals  of  about  8  miles 
whereas  a  spacing  of  about  5i  miles 
is  used  on  the  0.27-inch  coaxials. 

Repeater  stations  are  of  two  va¬ 
rieties,  auxiliary  and  main.  The 
majority  of  the  stations  are  of  the 
auxiliary  type,  the  main  stations 
being  located  at  intervals  of  40  to 
165  miles.  Most  of  these  auxiliary 
repeaters  are  housed  in  small  closed 
huts,*  requiring  no  heat  or  power 
connections.  The  auxiliary  repeat¬ 
ers  operate  from  60-cycle  a-c  power 
furnished  over  the  central  conduc¬ 
tors  of  the  coaxial  from  the  main 
repeater  stations. 

For  telephone  use,  terminals  are 
provided  for  stacking  480  circuits 
in  the  68-kc  to  2,044-kc  frequency 
space.  It  is  proposed  later  on  to 
operate  additional  short  haul  tele¬ 
phone  circuits  in  the  2  to  3-mc  band. 
For  television  transmission,  the 
video  signal,  by  a  process  of  double 
modulation,  is  transmitted  as  an  up¬ 
per  side  band  and  a  vestigial  lower 
side  band  on  a  carrier  of  about  311 
kc.  The  frequency  space  below 
about  200  kc  is  not  used  for  televi¬ 
sion  purposes  because  of  the  diffi¬ 
culties  of  equalizing  this  range  and 
the  less  effective  shielding  provided 
by  the  coaxial  structure  at  these 
frequencies.  The  associated  sound 
channel  is  transmitted  on  a  single¬ 
sideband  basis  between  76  and  88 
kc.  Transmission  and  phase  char¬ 
acteristics  of  the  240-mile  New 
York-Washington  television  circuit 
are  shown  in  Fig.  7. 

It  is  recognized  that  this  televi¬ 
sion  system  provides  a  video  band 
of  about  2.8  me  instead  of  4  me  pro¬ 
vided  for  in  the  television  channel 
assignment.  Experience  with  this 
system  has  demonstrated  that  very 
acceptable  pictures  are  being  trans¬ 
mitted.  Development  work  is  con¬ 
tinuing,  however,  on  repeater 
equipment  which  will  permit  utiliz¬ 


ing  the  coaxial  structure  to  higher 
frequencies.  One  system  considered 
employs  closer  repeater  spacings 
than  the  present  and  would  provide 
a  usable  frequency  band  of  about  7 
me.  This  would  permit  the  simulta¬ 
neous  transmission  of  about  500 
telephone  conversations  and  two 
oppositely  directed  4-mc  television 
programs  on  a  pair  of  coaxials. 

S«nrie*  Pretcetieii  F«atiir*t 

Many  features  have  been  included 
in  the  system  to  insure  stability  and 
continuity  of  service.  Variations 
in  transmission  resulting  from  tem¬ 
perature  and  other  changes  are 
compensated  automatically  by  regu¬ 
lators  under  control  of  four  pilot 
frequencies — 64  kc,  556  kc,  2064 
kc  and  3096  kc  sent  continuously 
from  the  main  repeater  stations 
over  the  coaxial  line.  The  cables 
are  generally  buried  deep  in  the 
earth  or  put  in  conduit,  are  pro¬ 
tected  against  corrosion,  lightning 
or  mechanical  damage,  and  are 
maintained  under  gas  pressure  with 
arrangements  to  detect  any  leak  in 
the  outer  sheath  so  that  repairs  can 
be  made  before  failures  occur.  Each 
stage  of  amplification  in  the  repeat¬ 
ers  has  parallel  tubes,  and  one  tube 
in  any  stage  can  fail  to  function 
without  interrupting  service.  Pilot 
alarms  at  each  auxiliary  repeater 
warn  the  nearest  attended  main 
station  of  excessive  pilot  deviations. 
The  power  supply  is  arranged  so 
that  if  commercial  power  fails,  a-c 
will  automatically  be  supplied, 
through  rectifier  inverters  or  motor 
generators,  from  large  storage  bat¬ 
teries.  Gas  engines  are  available  if 
the  commercial  power  should  be  off 
for  some  time.  Finally,  a  spare  line 
is  provided  in  each  direction 
through  each  switching  section, 
which  may  be  up  to  200  miles  in 
length.  Whenever  a  given  coaxial 


line  fails  or  its  pilot  gets  out  of 
limits,  the  spare  line  is  automati¬ 
cally  switched  into  the  circuit  so 
quickly  that  no  Interruption  of  any 
telephone  conversation  or  television 
program  occurs,  and  an  alarm  is 
given  so  that  the  trouble  may  be 
cleared. 

Mierewav*  Radio  Relay 

Wire  communication  is  character¬ 
ized  by  certain  desirable  features 
which  have  heretofore  been  lacking 
to  a  large  extent  in  radio.  For  ex¬ 
ample,  an  unlimited  number  of 
channels  can  be  established,  the 
energy  can  be  precisely  directed, 
circuits  can  be  made  very  stable, 
and  noise  and  interference  can  be 
controlled.  With  the  development 
of  techniques  permitting  the  use  of 
frequencies  of  thousands  of  mega¬ 
cycles,  radio  is  beginning  to  ap¬ 
proach  wire  lines  in  these  respects, 
permitting  its  extension  over  long 
distances  by  the  use  of  repeaters, 
a  method  which  has  long  been  used 
for  wire  lines. 

Experiments  are  now  under  way 
to  determine  the  practicability  of 
radio  relay  systems  from  the  stand¬ 
points  of  cost,  performance,  and  re¬ 
liability.  As  a  part  of  the  Bell  Sys¬ 
tem  experiments,  a  full-scale  radio 
relay  system  is  being  established 
between  New  York  and  Boston. 
Preliminary  indications  are  that 
satisfactory  television  operation 
could  be  provided  by  this  means. 

Seven  intermediate  radio  re¬ 
peater  points  will  be  employed, 
spaced  at  intervals  of  10  to  35  miles, 
with  an  average  spacing  of  27  miles 
for  a  total  circuit  length  of  about 
220  miles.  These  repeaters  are  lo¬ 
cated  on  high  points  of  ground  so 
that  a  direct  line-of-sight  path  is 
available  between  adjacent  repeat¬ 
ers. 

In  New  York,  the  terminal  is  in 


FIG.  6 — An  auxiliary  parallel  circuit  in  each  direction  is  proTided  for  emergency  use 
in  this  layout  of  a  typical  coaxial  system 
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the  long-distance  building.  In  Bos¬ 
ton,  the  radio  terminal  is  about  1 
mile  from  the  main  long-distance 
building  with  which  it  will  be  con¬ 
nected  by  short  haul  video  facilities 
of  the  type  discussed  earlier. 

The  system  will  employ  fre¬ 
quencies  in  the  vicinity  of  4,000  me. 
A  total  of  four  channels  will  be 
established,  two  in  each  direction  of 
transmission.  Tests  will  be  made 
on  the  transmission  of  large  blocks 
of  telephone  circuits  and  of  tele¬ 
vision.  It  is  probable  that  a  usable 
frequency  band  of  at  least  4  me 
can  be  obtained  for  television  trans¬ 
mission. 

The  antennas  will  be  horns  w’ith 
10-foot  square  apertures  equipped 
with  a  metal  lens  to  focus  the  radio 
waves.  It  is  expected  that  a  satis¬ 
factory  signal-to-noise  ratio  can  be 
obtained  for  the  number  of  sections 
involved  in  this  experiment  using 
transmitting  power  in  the  order  of 
1  watt. 

Rectnt  Us*  of  Television  Circuits 

A  very  considerable  use  has  al¬ 
ready  been  made  of  the  television 
transmission  facilities  now  avail¬ 
able,  particularly  since  the  televi¬ 
sion  broadcasting  stations  have 
been  operating  on  a  regularly 
scheduled  basis.  During  the  past 
year,  some  thirty  short  haul  televi¬ 
sion  circuits  were  established  for 
one  of  more  occasions  of  use,  em¬ 
ploying  wire,  experimental  micro- 
wave  radio  or  both  in  combination. 
The  longest  wire  circuit — Yankee 
Stadium  to  Radio  City — was  about 
9  miles  in  length  and  required  the 
use  of  seven  amplifiers.  The  longest 


radio  circuit  was  one  of  two  links 
between  Michie  Stadium  at  West  . 
Point  and  Radio  City  in  New  York, 
a  distance  of  about  47  miles.  In 
addition  to  those  in  New  York, 
services  were  also  established  in 
Philadelphia,  Baltimore,  Washing¬ 
ton,  Pittsburgh,  St.  Louis  and  Los 
Angeles.  Some  of  these  channels 
have  been  continuously  in  service 
for  several  years. 

A  television  circuit  in  coaxial 
cable  arranged  to  transmit  from 
Washington  to  New  York  w’as  first 
used  in  connection  w’ith  the  Lin¬ 
coln’s  Birthday  ceremony  on  Feb¬ 
ruary  12,  1946.  CBS,  DuMont  and 
NBC  cooperated  in  arranging  for 
the  program  which  started  with  an 
introduction  from  the  NBC  studios 
in  New  York,  after  which  a  switch 
was  made  to  Washington  where 
pick-ups  w’ere  successively  made 
from  the  DuMont  studio  in  the  Har¬ 
rington  Hotel,  the  steps  of  the 
Capitol,  and  ceremonies  at  the  Lin¬ 
coln  Memorial.  By  April  15,  1946, 
the  New  York-Washington  coaxial 
cable  was  equipped  for  television 
transmission  in  both  directions  and 
was  used  by  DuMont  in  connection 
with  the  opening  of  new  studios  in 
New  York.  Shortly  afterwards,  the 
two  circuits  between  New  York  and 
Washington  went  into  active  use  on 
practically  a  daily  basis  for  the 
several  broadcasters. 

Further  plans  include  the  provi¬ 
sion  of  shielded  polyethylene-insu¬ 
lated  video  pairs  in  connection  with 
cable  construction  programs  in  city 
areas  to  meet  requirements  for 
short  haul  television  circuits  quickly 
and  economically.  These  plans  are 


being  carried  out  to  the  extent  prac¬ 
ticable  with  the  scarce  materials 
which  can  be  allotted  to  this  type 
of  plant. 

Great  progress  has  been  made  in 
the  construction  of  a  nationwide  co¬ 
axial  cable  network  since  the  close 
of  the  war.  As  of  January  1,  1947, 
about  4,000  route  miles  of  coaxial 
cable  had  been  placed  in  the  ground 
and  construction  is  continuing. 
Cables  now  in  place  or  under  con¬ 
struction  and  the  extensions  plan¬ 
ned  for  the  next  three  or  four  years 
total  about  12,000  miles.  It  is  ex¬ 
pected  that  by  early  1948  a  southern 
coaxial  cable  route  will  be  ready  for 
telephone  service  to  points  as  far 
w’est  as  Los  Angeles,  and  that  by  the 
end  of  1948  a  central  coaxial  route 
.  will  extend  from  New  York  to  Chi¬ 
cago  and  St.  Louis.  Television 
service,  if  required,  can  probably 
be  made  available  on  most  coaxial 
.routes  some  time  after  the  opening 
of  telephone  service,  the  date  de¬ 
pending  to  some  extent  upon  the 
demand. 

In  addition  to  the  New  York- 
Boston  radio  relay  system,  there  is 
under  construction  a  radio  relay 
system  between  New  York  and 
Philadelphia,  utilizing  four  links  in 
tandem  of  a  simplified  type  of  equip¬ 
ment.  Plans  have  also  been  pro¬ 
jected  for  establishing  a  New  York- 
Chicago  radio  relay  system  for 
multichannel  telephone  and  tele¬ 
vision  transmission.  This  is  ex¬ 
pected  to  be  available  by  about  1950. 

Future  Prospects 

The  trend  to  wider  and  wider  fre¬ 
quency  bands,  no  doubt,  will  con¬ 
tinue.  These  wider  bands  will  be 
needed  to  handle  the  ever  increas¬ 
ing  demand  for  telephone  communi¬ 
cations  and,  perhaps,  for  greater 
definition  or  color  television.  Wider 
band  circuits  such  as  the  7-mc  co¬ 
axial  system  discussed  earlier  are 
already  under  development  by  the 
Bell  System.  Still  further  in  the 
future  is  the  possibility  of  using 
long  wave  guides  which  are  merely 
hollow  tubes  without  central  con¬ 
ductors  and  which  provide  trans¬ 
mission  paths  for  enormously  wider 
bands  sealed  away  from  interfer¬ 
ence  of  all  sorts.  It  is  quite  clear 
that  the  future  holds  promise  for 
advances  far  beyond  the  present 
status. 
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By  JOHN  W.  LUDWIG 

Vice-Pretident 

Electronic  Control  Corporation 
Brooklyn,  \ev!  York 


The  Outstanding  industrial  fea¬ 
ture  of  electronic  controls  is 
their  ability  to  “think”  much  as  a 
trained  operator  thinks,  that  is,  to 
anticipate  changes  in  the  process 
under  control  from  experience  and 
introduce  corrections  in  time  to  pre¬ 
vent  the  state  of  the  process  from 
leaving  the  control  point  by  a  large 
amount. 

Computing  equipment  with  rate 
and  acceleration  elements  has  this 
anticipatory  feature.  It  sees  a  rate 
of  accumulation  of  error,  or  even 
its  derivative,  and  begins  corrective 
action  long  before  the  process  has 
left  the  control  point  by  an  appre¬ 
ciable  amount. 

Large  mathematical  computers 
are  not  suitable  either  from  a  cost 
or  equipment  standpoint,  for  the 
great  and  ever  increasing  number 
of  industrial  control  problems. 
Smaller  equipment  which,  to  a 
limited  extent,  can  perform  their 
functions  are,  on  the  other  hand,  in 


Each  24-tube  control  ampliiier  that  feeds  a  Diehl  motor  contains  eight  6H6  tubes  used 
to  sharpen  and  clean  the  pulse  caused  by  a  registration  mark  to  a  width  of  lest 
than  20  microseconds.  This  is  necessary  to  distinguish  the  pulse  caused  by  a  registra 
tion  mark  from  that  caused  by  irregular  reflections  from  the  web  of  metal  foil 


demand,  particularly  at  present 
when  increased  productivity  with 
higher  quality  from  existing  plants 
is  a  primary  engineering  problem. 

Ideal  Industrial  Control 

The  following  is  a  good  set  of 
general  specifications  for  industrial 


7-printing  COUPLESr- 


MAIN  PRESS  DRIVE 


control  equipment:  It  must  be  in 
finitely  superior  in  function  to  man 
ual  control  on  a  cost  or  quality  of 
product  basis.  It  must  give  long 
periods  of  service  with  little  atten 
tion  and  should  not  require  special, 
on-the-job,  maintenance  personnel. 
It  must  be  rugged,  so  as  to  stand 
general  factory  use  and  in  a  large 
number  of  instances  it  must  be  ex 
plosion  or  oil  proof.  It  must  be 
fairly  high  power  (for  control) 
equipment,  say  i  horsepower  to  50 
horsepower.  It  must  not  set  up  un 
expected  stresses  in  the  machines  to 
which  attached,  therefore  accelera 
tions  must  be  accurately  controlled 
and  it  must  function  under  the 
vibration  conditions  of  the  equip 
ment  it  is  controlling.  Preferably, 
it  should  be  built  to  fit  the  job,  of 
standard  components,  so  as  to  make 
service  and  replacement  easy. 

It  is  the  writer’s  opinion  after  six 
years  experience  in  several  fields 


FIG  1. — Schematic  views  of  mechanical 
arrangement  of  printing  couples  used  in 
multicolor  web.  For  register  control, 
correction  is  applied  to  the  differentiol  sys 
terns  at  points  marked  X 
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for  Printing  Control 


Speed  of  a  multicolor  web  printing  press  is  tripled  by  application  of  an  electronic- 
hydraulic  system  that  holds  running  register  accurate  from  zero  to  0.001  inch.  Register 
marks  actuate  a  pl^ototufe  whose  output  is  compared  with  a  sample  of  a  sine  wave 

taken  at  the  same  instant 


Complete  setup  of  electronic  and  hydraulic  units  that  connect  to  the  printing  press. 
Fire  24-tube  chassis  are  being  immersed  in  oil  inside  the  long  steel  box  in  which  they 

normally  operate 


with  industrial  equipment  that 
nearly  all  these  specifications  can, 
in  general,  best  be  met  with  a  com¬ 
bination  electronic-hydraulic  sys¬ 
tem.  For  example,  a  hydraulic 
motor,  which  is  a  device  w’hich  con¬ 
verts  oil  pressure  and  flow  into  con¬ 
tinuous  rotary  motion,  can  be  ob¬ 
tained  which  can  deliver  10  horse¬ 
power  and  is  4  inches  in  diameter 
and  8  inches  long  with  a  moment  of 
inertia  of  the  rotating  parts  of  only 
13  lb-in.*  Hydraulic  preamplifier 


valves  can  be  obtained  which  re¬ 
quire  negligible  torque  and  only 
0.080-inch  movement  to  control  the 
hydraulic  motor  from  zero  to  maxi¬ 
mum  horsepower  in  either  direc¬ 
tion. 

Components  such  as  these  furnish 
their  own  lubrication,  are  explosion 
proof,  give  long  periods  of  service, 
and  are  not  adversely  affected  by 
the  vibration  usually  encountered. 
Their  use  enables  the  use  of  low- 
power  electronic  apparatus  of  about 


25  watts  which  can  be  made  very 
reliable. 

By  combining  electronic  and  hy¬ 
draulic  means  it  is  possible  to  use 
low-power  electronic  equipment 
(usually  without  gas  tubes  in  the 
control  circuits)  whose  components 
are  well  standardized,  long  lived, 
reliable,  easily  obtained  and  rela¬ 
tively  inexpensive.  Hydraulic  final 
actuating  elements  offer  the  advan¬ 
tages  of  high  power  with  low  inertia 
and  small  size,  rapid  response,  and 
intrinsic  explosion  and  oil  proofing. 

Delays  which  occur  in  the  hy¬ 
draulic  system  can  be  largely  com¬ 
pensated  in  the  electronic  equip¬ 
ment.  The  electronic  stages  are 
flexible  in  that  their  performance 
can  be  varied  without  the  necessity 
for  major  mechanical  changes. 

Typical  Application 

The  problem  to  be  discussed  here 
was  the  design  of  running  register 
controlling  equipment  that  would 
enable  a  multicolor,  roll  fed,  print¬ 
ing  press  to  be  stepped  up  in  speed 
from  300  feet  per  minute  to  1,000 
feet  per  minute  and  still  keep  the 
register  accurate  from  0.000  to 
lizO.OOl  inch.  The  control  decided 
upon  drives  into  the  press  through 
a  planetary  gear  system  with  a  re¬ 
duction  of  approximately  800-1  and 
had  to  be  capable  of  continuous  ro¬ 
tation  in  either  direction. 

Among  the  major  problems  in 
high  speed  color-printing  are  run¬ 
ning  or  longitudinal  register,  lat¬ 
eral  register,  ink  flow,  and  ink  dry¬ 
ing.  Satisfactory  solutions  to  the 
last  two  •  have  been  developed  for 
today’s  press  speeds  and  of  the  first 
two  running  register  is  the  big 
problem,  because  srMeways  move- 
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SinvwQT*  p-in  gcnarotor  at  low*r  l«it.  t•Il-hora•pow•r  hTdraulic 
motor  at  right,  and  induction  gonorator  tor  tachoraotor  ieod- 
back  at  top 


Tho  pickup  hoad  and  oxplosion-prooi  housing  oro  mounlod  on 
tho  pross.  It  contains  two  phototubos  and  two  amplifier  tubes 
so  that  if  one  set  fails,  the  other  set  is  switched  into  the  circuit 
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dertaken  and  the  effect  of  immer¬ 
sion  in  transformer  oil  studied  on 
sine  wave  generators,  induction 
generators,  two-phase  motors,  po¬ 
tentiometers,  wire,  vacuum  tubes, 
capacitors,  sockets,  and  terminal 
strips.  These  tests  were  conducted 
over  a  four-month  period  and  as  a 
result  it  was  possible  to  obtain  all 
necessary  components  as  standard 
items  which  would  satisfy  the  oil 
immersion  requirement. 

With  the  exception  of  the  photo¬ 
tube  scanning  head,  all  apparatus 
is  immersed  in  oil,  the  electronic 
components  in  transformer  oil  and 
the  hydraulic  components  in  their 
own  oil  supply.  All  connections  to 
the  press  and  between  units  are 
made  through  oil  or  pitch-filled  tub¬ 
ing.  Necessary  controls  are  brought 
out  above  the  oil  level  in  all  units  or 
are  accessible  from  above  the  oil 
with  screw  drivers  or  wrenches.  The 
scanning  head  is  made  to  meet  the 
requirements  for  air-break  explo¬ 
sion-proof  gear. 

The  electronic  amplifiers  are  all 
immersed  to  a  depth  of  one  inch 
over  the  tops  of  the  tubes  in  a  com¬ 
mon  oil  bath  and  the  leads  brought 
out  in  copper  tubing  which  starts 
well  below  the  oil  level.  The  elec¬ 
trical  units,  an  induction  generator 


and  a  permanent  magnet  generator 
are  mounted  on  .the  press,  and  each 
is  immersed  in  an  oil  tank  and  the 
leads  brought  out  through  oil-filled 
copper  tubing. 

The  control  amplifier  is  a  d-c 
amplifier  whose  output  is  used  to 
modulate  the  60-cycle  supply  voltage 
for  the  control  phase  of  the  torque 
motor  through  a  phase-sensitive 
modulator.  The  input  to  the  ampli¬ 
fier  is  the  error  voltage  obtained  by 
sampling  the  voltage  generated  by 
the  permanent  magnet  generator 
coupled  to  the  printing  cylinder  at 
every  register  mark  interval. 

The  voltage  on  the  sine  wave  at 
each  sampling  instant  is -clamped,^ 
then  filtered  into  a  smooth  wave 
which  serves  as  the  input  to  the 
control  amplifier.  This  error  signal 
is  differentiated  to  reduce  dynamic 
errors  and  integrated  to  reduce  ac¬ 
cumulative  errors. 

Tachometer  feed  back,  propor¬ 
tional  to  the  rpm  of  the  correction 
motor,  is  used  to  check  that  the  cor¬ 
rection  motor  is  faithfully  following 
the  designed  function  of  input  sig¬ 
nal.  An  induction  generator  geared 
to  the  hydraulic  motor  furnishes 
this  feedback. 

The  time  to  introduce  a  correc¬ 
tion  should  the  web  be  subjected  to 


nC.  2. — SchvBOtic  of  tho  roqiator  control  lystom.  Functiono  of  tho  oloctronic  0M900 
aro  illustratod  In  Mocks  at  right 


a  step  function  between  register 
marks,  rather  than  the  usual  error 
change,  would,  of  course,  be  greater ; 
but  it  would  still  be  far  shorter 
than  can  be  accomplished  by  manual 
control  (which,  to  date,  has  been  the 
most  universally  satisfactory 
method)  since  the  control  will  see 
the  error  at  the  next  printing  sta¬ 
tion  and  will  start  correction  im¬ 
mediately  rather  than  waiting  until 
the  affected  section  of  web  has  left 
the  press. 

CoMtanf  Forfernanco 

The  gain  of  the  control  amplifier 
and  its  frequency  characteristics 
are  fixed,  to  assure  constant 
performance  of  the  control  even 
though  the  operating  conditions 
change.  Detailed  measurements  and 
calculations  of  the  inertia  and  fric¬ 
tion  forces  in  the  press  and  of  the 
torque  characteristics  of  the  actu- 
'ating  means  were  made  and  the 
stability  of  the  system  was  investi¬ 
gated.  In  the  present  case  an  ample 
margin  of  stability  does  exist  pro¬ 
vided  the  delays  in  the  hydraulic 
system  are  compensated.  Provision 
for  such  compensation  is  included 
in  the  electronic  amplifier. 

A  schematic  of  the  entire  system 
is  shown  in  Fig.  2.  Provision  is 
made  for  returning  each  roll  indi¬ 
vidually  to  manual  control  if  the 
error  signal  from  that  roll  exceeds 
a  preset  value  for  more  than  a  given 
time,  thus  indicating  that  that  con¬ 
trol  is  not  functioning  properly. 

Labor  Upgradiog  E#oet 

A  control  such  as  the  one  de¬ 
scribed  has  an  upgrading  effect  on 
highly  skilled  labor.  A  pressman’s 
production  is  tripled.  He  is  removed 
from  the  negative,  routine  task  of 
register  control  and  applied  to  more 
technical  ones  such  as  ink  color  and 
flow,  drying,  printing  pressure.  In 
this  way  his  position  becomes  more 
important  at  the  same  time  that  he 
becomes  more  productive. 
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Agnigtant  Radio  Engineer,  Radio  Dirigion 
ttepartment  of  Transport,  Ottawa,  Ontario, 
Canada 


casting  Agreement,  Havana,  1937. 

The  Modus  Vivendi,  Washington, 
1946,  which  extends  the  above-men¬ 
tioned  agreement,  recognized  the 
need  for  more  up-to-date  informa¬ 
tion  on  which  to  base  new  technical 
standards  to  be  drafted  in  1948, 
and  charged  the  signatory  countries 
with  making  the  necessary  studies 
towards  this  end.  A  program  of 
sky-wave  recording  was  therefore 
drafted  by  the  Canadian  authori¬ 
ties  to  determine  the  propagation 
characteristics  of  sky-wave  signals 
in  Canadian  latitudes. 

Sky-Wav*  Recording  Technique 

Equipment  for  the  recording  of 
sky-wave  signals  must  be  accurate 
and  stable,  yet  simple  enough  to  be 
used  in  outlying  stations.  It  must 
produce  records  which  are  readily 
analysed  in  terms  of  the  absolute 
field  intensity  of  the  radio  wave,  in 
microvolts  per  meter. 

The  essential  components  of  field- 
intensity  recording  equipment  are 
the  radio  receiver  and  antenna,  com¬ 
parison  standard  signal  generator 
or  other  calibration  means,  and  the 
graphical  recorder. 

In  the  system  as  finally  developed 
by  the  author  for  the  Canadian  re¬ 
cording  program,  the  incoming  sig¬ 
nal  is  received  on  a  National  HRO 


Receiving  rack,  cycler  chaitiB,  and  graphical  recorder  used  at  Ottawa  frequency 
monitoring  station  for  recording  sky-wave  signals  from  broadcast  stations 


A  GOOD  DEAL  of  the  energy  ra-  sky-wave  propagation,  no  corre- 
diated  from  standard-band  sponding  curves  exist,  and  calcula- 
broadcasting  stations  is  reflected  tions  must  be  made  from  entirely 
from  the  ionosphere  and  returns  empirical  curves.  These  curves  are 
to  earth  at  a  distance  from  the  sta-  plotted  from  measured  data  on  the 
tion.  This  phenomenon  is  an  ad-  sky-wave  signal  intensities  of  dis- 
vantage  in  the  case  of  dear-channel  tant  stations  over  an  extended  pe- 
stations  since  it  augments  the  cov-  riod,  and  are  based  on  the  signal 
erage,  but  where  channels  are  exceeded  for  certain  percentages  of 
shared  by  two  or  more  stations  in  time. 

the  same  region  it  may  produce  Early  curves  took  no  separate  ac- 
interference  which  seriously  limits  count  of  variations  due  to  latitude, 
the  coverage  otherwise  obtainable,  or  between  north-south  and  east- 
In  the  broadcast  allocation  struc-  west  propagation,  or  of  ionospheric 
ture,  due  cognizance  must  be  taken  focusing,  but  assumed  an  average 
of  the  effects  of  sky-wave  signals,  propagation  characteristic  for  all 
Ground-wave  propagation  is  calcu-  sky-wave  signals.  The  early  curves 
lated  from  verified  theoretical  are  the  ones  which  have  been  in  use 
curves,  but  because  of  the  many  in-  up  to  the  present  time,  under  the 
determinable  factors  involved  in  North  American  Regional  Broad- 
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Analysis  of  oboTO  chart  with  pholooloctric  scanner  showed  that  signal  exceeded  6.100  /ut  5%  of  the  time.  5.300  nr  10%.  3.000 
30%.  1.700  ft'f  50%.  1.400  /!▼  60%,  820  90%.  and  exceeded  700  /it  95%  of  the  time 

from  Broadcast  Stations 


>  Dii-Ulon 

I,  Ontario, 


Description  of  monitoring  station  set  up  by  Canadian  government  to  investigate  sky- 
wave  interference  occurring  when  two  or  more  broadcast  stations  share  the  same  chan¬ 
nel.  Signal  strength  of  a  station  is  recorded  on  strip  chart  for  several  hours,  and  photo¬ 
electric  scanner  then  determines  percent  of  t  ime  signal  exceeds  any  selected  value 


a,  1937. 
hington, 
(ve-men- 
zed  the 
nforma- 
echnical 
n  1948. 
ountries 
studies 
:ram  of 
lerefore 
authori- 
(agation 
signals 


ding  of 
iccurate 
fh  to  be 
It  must 
readily 
absolute 
vave,  in 

of  field- 
lent  are 
la,  com- 
merator 
and  the 

‘veloped 
dian  re- 
ing  sig- 
al  HRO 


receiver  which  has  been  peaked  for 
maximum  i-f  response,  and  from 
which  the  avc  voltage  is  fed  to  a 
vacuum-tube  amplifier  which  drives 
a  5-ma  graphical  recorder.  In  se¬ 
ries  with  the  graphical  recorder  is 
a  device  which  periodically  returns 
the  recorder  pen  to  zero  so  as  to 
blank  in  the  area  between  the  curve 
and  zero  to  facilitate  analysis  of  the 
graphs.  The  incoming  signal  as 
delivered  by  the  antenna  is  com¬ 
pared  with  the  output  of  a  standard 
signal  generator  for  calibration  of 
receiver  output.  The  antenna  itself 
is  calibrated  by  comparison  with  a 
field-strength  meter  of  known  ac¬ 
curacy. 

Analysis  of  the  charts  is  accom¬ 
plished  by  means  of  an  electronic 
scanner,  in  which  a  spot  of  light 
rapidly  traverses  the  chart  along 
the  time  scale.  The  reflected  light 
operates,  through  a  phototube  and 
amplifier,  an  electronic  gate  which 
permits  current  to  flow  through  a 
meter  calibrated  directly  in  per¬ 
centage  only  during  the  periods 
w'hen  the  spot  is  on  the  blanked-in 
portion  of  the  chart.  In  this  manner 
the  scanner  integrates  the  time 
during  which  a  particular  value  of 
signal  was  exceeded.  Suitable  scales 
used  in  conjunction  with  calibra¬ 
tion  marks  placed  on  the  charts  per¬ 


mit  direct  determination  of  the  field 
intensity  exceeded  for  any  specified 
percentage  of  time. 

Signal  Generator 

The  circuit  diagram  of  the  stand¬ 
ard  signal  generator  is  shown  in 
Fig.  1.  It  is  a  straightforward  de¬ 
sign,  the  only  unique  features  being 
the  shielding,  the  use  of  a  coupling 
tube  between  the  r-f  sources  and 
the  receiver,  and  the  vacuum-tube 
voltmeter  circuit. 

Effective  shielding  is  achieved  by 
locating  the  oscillator  and  the  cir¬ 
cuits  associated  with  it  in  individual 
cast  aluminum  boxes  which  are  in¬ 
sulated  from  ground,  connected  to¬ 
gether  in  sequence  at  one  point  only, 
and  grounded  to  the  main  chassis 
at  one  point  only.  Circuits  entering 
the  boxes  are  individually  filtered 
by  means  of  chokes  and  capacitors, 
and  control  shafts  entering  the 
boxes  are  broken  with  insulated 
couplings.  Circuits  within  the  box 
are  grounded  at  one  point  only,  near 
w’here  the  r-f  voltages  are  finally 
delivered. 

Under  the  provisions  of  present 

Format  followed  in  recording  signal 
strength  of  broadcast  station  on  strip  chart, 
and  (below  chart)  method  of  obtaining 
calibration  curve  used  in  connection  with 
electronic  scanner 
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tlG.  1 — Circidt  of  ^gnal  gonorotor  used  for  calibration  in  connoction  with  rocording  of  sky-war*  signals,  showing  oloborate 
shielding  t*chniqu*  omployod  ond  relationship  to  other  units  of  recording  system 


FIG.  2 — Cycler  circuit  for  sweeping  pen  of  recorder  periodically  back  to  sero,  to  black 
in  entire  area  between  signal  strength  curr*  and  sero.  Rate  of  sweep  may  be  roried 
from  once  per  second  to  once  erery  S  seconds  by  adiusting  30-megohm  resistor 


international  agreements  the  lowest 
sky-wave  field  which  has  any  signif¬ 
icance  is  25  microvolts  per  meter,  so 
there  .is  little  advantage  in  making 
studies  on  field  intensities  much  less 
than  this.  Therefore  the  signal 
generator  was  designed  to  deliver 
calibrated  r-f  voltages  only  down  to 
10  microvolts,  which  with  the  usual 
broadcast  type  of  antenna  permits* 
accurate  recording  of  fields  as  low 
as  5  microvolts  per  meter. 

In  order  to  simplify  operation 
and  minimize  effects  of  antenna  va¬ 
riations,  a  cathode-follower  coup¬ 
ling  tube  is  included  in  the  circuit 
between  the  r-f  sources  and  the 
receiver  input,  with  a  switch  to 
change  the  input  from  antenna  to 
signal  generator  for  calibrations. 
Since  this  tube  is  in  the  circuit  for 
both  calibration  and  recorded  sig¬ 
nals,  it  is  in  effect  part  of  the  re¬ 
ceiver  and  is  calibrated  with  it.  It 
does  not  introduce  spurious  effects 
unless  subjected  to  r-f  signal  inten¬ 
sities  of  the  order  of  2  volts,  which 
may  drive  the  tube  beyond  its  range 
of  linearity.  Localities  where  high 
signal  strength  exists  are  avoided 
in  selecting  a  site  for  the  recording 
equipment. 

Two  similar  vacuum-tube  volt¬ 
meters  are  provided,  one  for  meas¬ 
uring  the  r-f  voltage  applied  to  the 
attenuator,  and  the  other  for  oper¬ 
ating  the  graphic  recorder  from  the 
received  avc  voltage.  They  consist 
of  triodes  with  the  indicating 
meters  bridged  between  their  plates 
and  the  midpoint  of  two  voltage 
regulators  in  series.  The  tubes  are 
operated  under  conditions  of  no 
input  voltage  with  about  0.8  volt 


bias,  obtained  from  a  cathode  re¬ 
sistor.  The  plate  resistances  are 
varied  for  zero  reading  on  the  re¬ 
spective  meters,  as  zero-sets.  For 
any  negative  voltage  applied  to  the 
triode  grid,  the  plate  current  will 
decrease  a  proportionate  amount 
over  the  corresponding  portion  of 
the  tube  characteristic,  which  in  the 
case  of  the  6J5  triodes  is  quite 
linear.  The  change  in  plate  current 
will  result  in  the  difference  current 
flowing  through  the  meter,  giving 
after  calibration  the  measure  of 
the  applied  voltage. 

Provides  PretoctioR 

This  circuit  was  selected  to  utilize 
the  negative  avc  voltage  from  the 
receiver,  and  to  provide  protection 
against  accidental  overload  of  the 
meters  or  recorder  from  excessive 
input  voltage.  Excessive  input  volt¬ 
age  can  only  drive  the  triode  to 
cutoff,  when  the  meter  will  be  called 
upon  to  carry  not  more  than  the 
normal  plate  current  of  the  triode. 


which  is  approximately  8  ma  and 
not  dangerous  for  a  5-ma  meter. 

The  vacuum-tube  voltmeter  which 
reads  the  r-f  voltage  applied  to  the 
attenuator  obtains  its  grid  voltage 
from  a  germanium  crystal  rectifier. 
No  return  resistance  path  is  pro¬ 
vided  for  this  rectified  voltage  as 
the  germanium  rectifier  itself  has  a 
sufficiently  low  resistance  in  the 
reverse  direction  to  permit  the  grid 
charge  to  leak  off.  Since  the  volt¬ 
age  applied  to  the  tube  grid  is  very 
nearly  equal  to  the  peak  value  of  the 
r-f  voltage  applied  to  the  attenuator, 
the  original  calibration  of  the  sig¬ 
nal  generator  can  be  against  a 
standard  cell,  although  comparison 
against  a  laboratory  standard  sig¬ 
nal  generator  may  be  more  conveni¬ 
ent. 

The  second  vacuum-tube  volt¬ 
meter  obtains  its  grid  voltage  from 
potential-dividing  resistances 
across  the  avc  circuit  of  the  re¬ 
ceiver.  The  values  of  these  resist¬ 
ances  are  such  as  to  bring  the  range 
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fig.  3 — Circuit  of  eloctroiiic  tcaiiaor  used  for  analysis  of  charts.  Arrangement  of  optical  system  is  shown  ot  lower  right;  phototube 
is  mounted  on  carriage  along  with  lenses  and  lamp,  and  picks  up  light  reflected  from  spot  on  chart 


of  the  meter  onto  the  portion  of  the 
receiver  gain  characteristic  which 
is  most  nearly  logarithmic.  It  is 
therefore  possible  to  get  better  than 
two  complete  ranges,  or  a  ratio  of 
100:1  within  the  scale  of  0-5  ma, 
using  a  National  HRO  receiver. 

Chart-llankiRg  Circuit 

The  circuit  for  blanking  in  the 
area  on  the  chart  between  the  curve 
and  the  zero  for  analysis  by  means 
of  an  electronic  scanner  is  shown  in 
Fig.  2.  Electrically  it  consists  of  a 
small  resistance  in  series  with  the 
graphical  recorder,  which  resist¬ 
ance  remains  constant  for  about 
four-fifths  of  the  cycle,  and  then 
increases  to  infinity  over  the  re¬ 
maining  fifth,  after  which  it  sud¬ 
denly  returns  to  its  previous  value 
and  the  cycle  starts  over  again. 

The  resistance  which  performs  in 
this  unusual  manner  is  the  plate  re¬ 
sistance  of  a  6J5  triode,  the  grid  of 
which  is  held  about  4  volts  positive 
for  the  first  four-fifths  of  the  cycle. 
Under  these  conditions  the  tube 
shows  a  linear  plate  resistance  char¬ 
acteristic  of  about  300  ohms  for  cur¬ 
rents  as  high  as  8  ma. 

The  grid  of  the  output  or  vari¬ 
able-resistance  tube  is  connected  to 
the  plate  of  another  6J5  triode 
which  acts  as  a  control  tube  to 
translate  the  voltage  developed  by 
the  relaxation  oscillator  into  an  in¬ 
creasing  bias.  Since  the  control 
tube  is  biased  well  beyond  cutoff  for 
four-fifths  of  the  cycle  developed  by 
the  relaxation  oscillator,  it  does  not 
come  into  action  until  the  last  fifth 
of  the  cycle.  It  then  diverts  the  cur¬ 
rent  previously  flowing  through  the 


grid  circuit  of  the  output  tube,  per¬ 
mitting  the  bias  of  that  element  to 
increase  to  cutoff. 

The  relaxation  oscillator  is  con¬ 
ventional,  being  a  capacitor  charged 
through  a  high  resistance  and  dis¬ 
charged  through  a  type  884  thy- 
ratron.  By  using  a  tapped  30-meg¬ 
ohm  resistance  and  a  l-/if  oil-filled 
paper  capacitor,  good  stability  was 
obtained  with  periods  from  1  to  5 
seconds  long. 

For  chart  speeds  of  1  foot  per 
hour  the  5-second  period  is  re¬ 
quired,  but  for  faster  speeds  a 
correspondingly  faster  rate  applies. 

An  Evershed-Vignoles  graphicaj 
recorder  with  5-ma  range  and  clock¬ 
work  drive  is  used.  This  instrument 
is  fitted  with  an  oil  dashpot  so  that 
control  can  be  had  over  damping, 
which  is  important  for  the  cyclic 
operation  to  which  the  instrument 
must  respond.  Wrinkling  of  paper 
was  overcome  by  using  No-Rinkle 
ink  and  Albanene  paper  produced 
by  Keuffel  &  Esser.  The  combina¬ 
tion  of  a  red  ink  and  a  blue-sensi¬ 
tive  phototube  in  the  electronic 
scanner  was  found  to  give  best 
results. 

Eluctreuie  Scanuur 

A  substantial  part  of  the  infor¬ 
mation  to  be  gleaned  from  the  chart 
is  statistical  and  involves  the  de¬ 
termination  of  the  signal  exceeded 
for  certain  percentages  of  time, 
during  certain  periods  relative  to 
sunset.  Heretofore,  the  method  of 
analysis  has  been  to  step  off  with  di¬ 
viders  and  scales  the  time  incre¬ 
ments  corresponding  to  certain 
signal  intensities,  replot  the  values 


so  obtained  and  from  the  resultant 
curve  read  off  the  required  infor¬ 
mation  of  the  signal  exceeded  for 
certain  percentages  of  time.  Need¬ 
less  to  say,  this  manual  method  is 
•tedious  and  inefficient,  and  opens 
wide  the  door  to  personal  error 
which  it  is  almost  impossible  to 
check.  Fortunately,  however,  when 
a  great  deal  of  data  is  so  analyzed 
most  of  the  errors  balance  out  in 
the  subsequent  statistical  mathe¬ 
matical  treatment,  but  there  still 
remains  the  tedious  labor  of  the 
manual  analysis. 

The  electronic  scanner  was  de¬ 
veloped  for  the  dual  purpose  of 
speeding  up  analysis  and  eliminat¬ 
ing  largely  the  personal  error.  Due 
to  the  shortness  of  time  during 
which  the  Canadian  program  could 
operate  before  the  data  would  be 
required  for  the  production  of  prop¬ 
agation  curves,  speed  and  accuracy 
of  analysis  were  essential. 

The  circuit  of  the  scanner  is 
shown  in  Fig.  3.  The  chart  to  be 
scanned  is  wound  around  the  scan¬ 
ning  drum,  which  will  accommodate 
24  inches  of  chart  for  each  opera¬ 
tion.  The  lamp-house  contains  a 
carriage  which  slides  along  ways 
under  the  control  of  a  crank  on  the 
front  of  the  lamp-house.  Mounted 
on  this  carriage  is  a  light  source 
consisting  of  a  32-candlepower  auto¬ 
mobile  lamp,  condenser  lens,  dia¬ 
phragm  with  a  1-mil  aperture,  and 
an  objective  lens  which  focuses  the 
image  of  the  aperture  as  a  small 
spot  of  light  on  the  chart  undergo¬ 
ing  analysis.  Also  mounted  on  the 
carriage  is  a  phototube  so  arranged 
as  to  pick  up  diffused  reflected  light 
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tne  amplifier  bias  controls,  so  that 
no  special  precautions  are  neces¬ 
sary  in  regard  to  room  lighting.  ^ 
Sola  constant-voltage  transformer 
supplies  the  electronic  circuits.  This 
transformer  combined  with  the 
voltage  regulators  used  to  obtain 
the  various  internal  voltages  gives 
maximum  stability  and  the  instru- 
ment  can  be  easily  read  to  an  ac¬ 
curacy  within  1  percent. 

The  image  of  the  aperture  in  the 
diaphragm  on  the  chart  being 
scanned  is  about  0.03  inch  in  diam¬ 
eter,  which  is  about  the  width  of 
the  line  traced  by  the  pen  on  the 
graphical  recorder.  Consequently, 
thq  scanner  can  resolve  and  analyse 
any  record  normally  taken  by  the 
recorder.  The  accuracy  with  which 
the  percentage-of-time  meter  and 
the  calibration  on  the  graph  can  be 
read  is  about  2  percent. 

In  using  the  scanner,  the  chart  to 
be  analysed  is  first  placed  on  the 
drum  with  the  zero  side  to  the  front 
and  with  the  calibration  marks 
showing  on  the  outside.  The  pointer 
is  then  wound  successively  to  the 
top  of  each  calibration  mark  and  a 
short  pencil  line  drawn  along  the 
straight-edge  intersecting  an  ap¬ 
propriate  unit  line  on  the  graph. 
These  points  are  then  joined  up  by 
a  smooth  curve  which  provides  the 
scale  from  which  signal  intensities 
pertaining  to  that  particular  chart 
are  read.  The  curve  so  plotted  is  in 
reality  the  received  signal  versus 
avc  voltage  curve,  and  consequently 
provides  the  means  for  reading  di¬ 
rectly  in  microvolts  per  meter  the 
field  intensity  from  the  recorded 
values  of  the  resultant  avc  voltage. 
A  new  curve  is  drawn  for  each 
chart  analysed. 

After  the  calibration  curve  is  es¬ 
tablished,  the  chart  is  moved  around 
the  drum  until  the  portion  of  which 
the  analysis  is  desired  is  on  the  out¬ 
side  and  visible  td  the  scanning 
spot.  The  drum  is  then  started  ro¬ 
tating  and  the  percentage-of-time 
meter  checked  for  zero  and  full 
scale.  The  scanning  spot  with  its 
attendant  pointer  is  then  wound 
across  the  chart  until  the  meter 
reads  the  desired  percentage  of 
time,  when  the  corresponding  field 
intensity  can  be  read  off  directly 
from  the  intersection  of  the  straight 
edge  of  the  pointer  with  the  calibra¬ 
tion  curve. 


Electronic  scanner  unit  used  at  Radio  Standards  Oiiice  in  Ottawa  ior  analysing  sky- 
ware  charts  obtained  with  recording  equipment.  Logarithmic  calibration  chart  is 
placed  under  pointer  on  table  just  obore  drum.  Pointer  is  mechanically  coupled 

to  optical  system 


current  of  1  ma  to  flow  through  the 
saturation  pentode  and  give  a  full- 
scale  reading  on  the  percentage-of- 
time  meter.  This  condition  corre¬ 
sponds  to  the  scanning  of  a  com¬ 
pletely  inked-in  portion  of  a  chart 
undergoing  analysis. 

When  the  phototube  is  illumi¬ 
nated  the  amplifier  comes  into 
action  and  produces  at  the  output  of 
the  germanium  rectifier  50  volts  or 
more,  which  produces  immediate 
cutoff  of  the  triode.  For  the  period 
when  this  condition  prevails  no 
current  flows  through  the  percent- 
age-of-time  meter.  This  corre¬ 
sponds  to  the  scanning  of  a  blank 
portion  of  the  chart. 

Since  the  percentage  -  of  -  time 
meter  is  of  the  uniform  scale  type, 
it  will  read  the  average  current 
flowing  through  it,  provided  the 
cycle  is  fast  enough  to  prevent  the 
meter  movement  from  following 
the  individual  fluctuations.  Hence  it 
follows  that  in  the  scanning  opera¬ 
tion  the  meter  will  read  directly  the 
percentage  of  time  during  which 
the  phototube  has  not  been  illumi¬ 
nated,  which  is  the  percentage  of 
time  a  certain  signal  strength  has 
been  exceeded. 

The  instrument  can  be  made  un¬ 
responsive  to  residual  room  illumi¬ 
nation  by  judicious  adjustment  of 


from  the  spot  on  the  chart.  The  top 
of  the  lamp-house  carries  a  special 
logarithmic  graph  under  roughened 
plastic  to  take  pencil  lines.  Cross¬ 
ing  the  chart  is  a  pointer  which  is 
connected  to  the  carriage  and  ar¬ 
ranged  to  track  with  the  position 
of  the  spot  of  light.  The  near  side 
of  the  pointer  acts  as  a  straight 
edge  to  place  the  calibration  lines 
on  the  graph,  and  to  read  off  the 
values  of  signal  exceeded. 

The  electronic  section  consists  of 
an  amplifier  responsive  to  the  stand¬ 
ard  i-f  value  of  456  kc  but  normally 
biased  slightly  beyond  cutoff.  This 
amplifier  is  supplied  with  456-kc 
excitation  from  an  oscillator 
through  a  small  capacitor,  but  does 
not  come  into  action  until  the  bias 
on  its  first  stage  is  reduced  by  il¬ 
lumination  of  the  phototube.  The 
output  of  the  amplifier  is  rectified 
by  two  germanium  rectifiers  in  a 
doubler  circuit,  and  applied  to  the 
grid  of  a  triode-connected  6SJ7, 
which  is  in  series  with  a  6SJ7  sat¬ 
uration  pentode  and  the  percentage- 
of-time  meter. 

”  When  the  phototube  is  not  il¬ 
luminated  there  is  no  appreciable 
output  from  the  amplifier  and  the 
grid  of  the  triode  is  maintained  at 
zero  potential  by  a  flashlight  bat¬ 
tery,  permitting  the  full  saturation 
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Production  matching  of  resistors. 
Gives  quick  response  with  high  sensi¬ 
tivity  to  replace  galvanometer 
Experimental  production  of  thermo¬ 
couples.  Used  with  recorder  to  meas¬ 
ure  time  response  characteristic  of 
thermocouple  element 
Development  of  temperature  regula¬ 
tors  to  drive  transient  response  re¬ 
corder 

Serves  as  power  or  impedance  changer 
to  make  possible  long  distance  trans¬ 
mission  or  telemetering  of  low  level 
d-c  signals 

Amplify  outputs  of  barrier  layer  pho¬ 
tocells,  Pirani  or  ioniiation-type 
vacuum  gages 

Amplifier  for  control  equipment,  and 

servomechanisms 

Bridge  detector 

Preamplifier  in  radiometry  recording 
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Small  chatals  at  left  contains  the  d-c  amplifier  and  power  supply  used  with  the 
recorder  and  thermocouple  (bottom)  to  measure  transients  in  a  thermal  process 


A  moving-coil  system  actuates  a  metal  flag  in  an  oscillator  tank  to  provide  high  gain 
and  stable  d-c  amplification.  Operating  principle,  mechanical  details,  and  circuits 
of  a  degenerative  system  for  low-impedance,  low-current  inputs  are  given 
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use  this  last  point  is  perhaps  no  inconvenient,  and  its  extremely 
handicap,  but  for  industrial  and  high  gain  is  unnecessary, 
aircraft  usage,  complexity  and  size, 
not  to  mention  cost,  become  vitally 
important. 

The  chopper  type  d-c  amplifier, 
while  it  can  be  used  with  a  low-im¬ 
pedance  input,  structurally  is  diffi¬ 
cult  and  expensive  to  make.  For 
many  industrial  purposes,  as  well  as 
aircraft  applications  where  space 
and  weight  are  at  a  premium,  it  is 


WHOLLY  ELECTRONIC  d-c  ampli¬ 
fiers  are  subject  to  drift  re¬ 
sulting  from  supply  voltage  varia¬ 
tion,  tube  characteristic  instability, 
and  variations  of  temperature  and 
humidity.  Also,  this  type  of  ampli¬ 
fier  does  not  lend  itself  to  low-im¬ 
pedance  inputs. 

When  voltage  regulation  and  bal¬ 
anced  circuits  are  used  to  reduce 
drift,  the  amplifier  becomes  compli¬ 
cated  and  unwieldy.  For  laboratory 


Combination  System 

The  principle  of  electromechani¬ 
cal  d-c  amplification  is  illustrated 
in  Fig.  1. 

In  Fig.  1  A,  a  low-level  voltage  in¬ 
put  to  a  galvanometer  is  converted 
into  motion,  and  this  motion  is 
then  employed  to  tune  an  oscillator 
by  having  a  metal  fiag  move  be- 
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FIG  1 — BobIc  priacipl*  of  tho  oloctrooio- 
chonical  sTitom  Is  lIlostKitBd  at  (A).  The 
method  of  adding  feedback  is  shown  at 
(B) 

FIG.  2 — ^Two  practical  circuits  for  using 
the  current-eensitiTe  tuning  flag  and  on 
electronic  oecillotor  to  obtoin  omplifico- 
tion.  Both  provide  a  voltage  gain  of  1.000 
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tween  coils  of  a  tuned-grid,  tuned- 
plate  oscillator.  The  motion  of  the 
metal  flag  loads  and  unloads  the 
tank  circuits  with  consequent  varia¬ 
tion  in  input  voltage  of  the  oscilla-  differentiating  with  respect  to 
tor.  With  a  reasonably  sensitive 
galvanometer  movement,  such  a 
conventional  setup  can  easily  pror 
vide  voltage  gains  higher  than  10*. 

In  Fig.  IB,  an  extra  coil  has  been 
added  to  the  galvanometer,  and  the 
output  voltage  is  fed  back  to  the 
galvanometer  input.  Basically,  this 
is  the  complete  d-c  feedback  ampli¬ 
fier.  Feedback  could  be  applied  to 
the  input  coil,  but  the  advantage 
of  an  isolated  input  would  then  be 
lost. 

Since  a  galvanometer  input  is 
used,  a  low’-impedance  input  offers 
no  difficulties.  So,  too,  this  ex¬ 
tremely  high-gain  mechanical  input 
stage  does  away  with  input  tube 
selection  and  fastidious  care  of  op¬ 
erating  conditions. 

Considering  the  overall  circuit, 
the  gain  of  a  feedback  amplifier  may 
be  written  as^ 


of  inertia  then  the  period  with  feed¬ 
back  becomes, 


H  may  be  computed  as  follows 


Thus,  feedback  has  reduced  the 
period  by  a  factor  of 


Twmpwrahirw  CempaasatieH 

When  the  amplifier  is  used  with 
a  current  input,  change  in  resist¬ 
ance  of  the  input  coil  with  tempera- 
^2)  ture  is  of  no  consequence.  However, 
for  a  voltage  input  there  is  one 
other  major  advantage  to  be  con¬ 
sidered;  that  is  the  input  circuit 
can  be  completely  compensated  for 
copper  temperature  error.  This 
eliminates  necessity  for  insulating 
the  input  circuit  or  for  adding  large 
zero  temperature  coefficient  resis¬ 
tors  in  the  input  circuit. 

The  method  of  temperature  com¬ 
pensation  can  be  explained  with 
reference  to  Fig.  IB.  Both  coils 
on  the  galvanometer  movement  are 
The  feedback  to  the  galvanometer  copper  and,  therefore,  for  any  tem- 
is  also  advantageous  from  another  perature  change  undergo  the  same 
point  of  view.  The  time  response  percentage  change  of  resistance, 
of  the  galvanometer  is  greatly  im¬ 
proved;  that  is,  the  natural  un¬ 
damped  period  of  such  a  mechanical 
system  is  reduced  to  a  fraction  of 
its  original  value.* 

It  can  be  shown  that  feedback  in 
the  galvanometer  is  given  by, 

C'  =  (1  +  /t3)C 

where  C  =  stiffness  of  suspension 
Thus  as  long  as  the  quantity  jLi3  and  C'  =  stiffness  with  feedback, 
is  large,  A  is  practically  equal  to  Since  the  undamped  period  of  the 
—  1/3,  and  the  gain  is  almost  inde-  galvanometer  is  given  by, 
pendent  of  changes  in  ft. 

The  actual  reduction  in  gain 

variation  as  a  result  of  change  in  where  t  =  period  and  K  =  moment 


1  —  M 

Thus,  the  variations  in  gain  as  a 
result  of  changes  in  circuit  are  re¬ 
duced  by  a  ratio  of  1/(1— fi3). 

The  extremely  high  initial  gain 
of  this  electromechanical  d-c  ampli¬ 
fier  permits  of  large  feedback  factor 
/i3  to  reduce  drift,  while  resultant 
gain  which  has  been  shown  to  be 
virtually  equal  to  1/3  is  still,  for 
many  purposes,  quite  satisfactory. 
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where  A  =  gain  of  feedback  ampli¬ 
fier,  /X  =  forward  gain  without  feed 
back  and  3  =  feedback  fraction. 

This  can  be  rewritten  as 
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FIG.  3 — Construction  details  of  the  gal- 
▼anometer-type  movement.  The  input  and 
feedback  coils  are  wound  one  above  the 
other 
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Now  when  /i3  is  much  greater  than 
unity  and  the  gain,  A,  is  equal  to 
1/0,  the  feedback  current  is  directly 
proportional  to  output  voltage.  A 
zero  temperature  coefficient  re¬ 
sistor,  r„  is  placed  across  the  feed¬ 
back  coil,  ri,  to  divide  the  feedback 
current;  and  this  division  of  cur¬ 
rent  varies  as  the  resistance  of  the 
copper  feedback  coil  changes. 

On  the  input  side,  is  placed  in 
series  with  the  copper  input  coil, 
and  changes  in  the  resistance '  of 
iJ,  result  in  changes  of  input  cur¬ 
rent.  It  can  be  shown  that  with 
change  in  resistance  of  the  two 
copper  coils,  the  percentage  change 
of  current  through  the  input  coil 
is  exactly  equal  to  the  percentage 
change  of  current  in  the  feedback 
coil  if  Ri/R^  =  r,/r^  Thus  loss  of 
input  sensitivity  is  balanced  by  a 
decrease  in  3>  the  feedback  frac¬ 
tion,  and  the  gain  remains  constant 
as  the  temperature  changes.  Since 
the  ratio  r,/rt  can  be  made  as  small 
as  the  feedback  power  available  will 
allow,  the  ratio,  Ri/Ri,  which  also 
represents  loss  of  gain  as  a  result 
of  compensation,  can  be  kept  cor¬ 
respondingly  small. 

In  general,  two  convenient  possi¬ 
bilities  for  the  circuit  of  the  am¬ 
plifier  have  been  tested.  They  are 
shown  schematically  in  Fig.  2.  In 
Fig.  2A,  the  r-f  oscillator  output 
is  rectified  to  provide  d-c  output 
and  feedback  current.  In  Fig.  2B, 
the  change  in  the  d-c  impedance  of 
the  oscillator  tube  with  strength 
of  oscillation  is  employed  to  un¬ 
balance  a  bridge.  It  is  w'orthy  of 
note  that  frequency  variation  is 
not  considered  in  either  of  these 
methods  and  that  one  need  not  be 
concerned  with  exact  frequency  sta¬ 
bilization.  Only  the  magnitude  of 
the  r-f  signal  is  significant. 


fIG.  4 — Four  inches  long,  this  bench 
model  oi  the  d-c  amplifier  contains  a 
miniature  tube  inside  the  chassis  for  ap¬ 
plications  where  space  is  limited 


The  argument  might  be  raised 
that  this  amplifier  would  only  be 
useful  in  the  laboratory,  since  a 
galvanometer  is  too  fragile  an  in¬ 
strument  and  is  subject  to  accelera¬ 
tions  and  vibration.  However,  this 
application  lends  itself  to  a  revamp¬ 
ing  of  galvanometer  design  to  give 
a  very  rugged  structure. 

Figure  3  shows  a  sketch  of  such 
a  galvanometer.  Since  only  a  few 
thousandths  motion  is  required  of 
the  flag  moving  between  the  oscil¬ 
lator  coils,  this  design  becomes 
feasible.  Some  advantages  are  im¬ 
mediately  obvious.  With  the  mov¬ 
ing  coil  suspended  in  this  manner, 
all  coil  turns  are  at  right  angles  to 
the  radial  field  and,  therefore,  use¬ 
ful. 

In  conventional  galvanometer  de¬ 
sign,  the  portions  of  every  turn 
that  lie  parallel  to  the  magnetic 
field  are  wasted.  So,  too,  a  cy¬ 
lindrical  coil  is  easier  to  wind  than* 
a  conventional  galvanometer  coil, 
and  the  structure  lends  itself  to  the 
addition  of  the  extrd  feedback  coil 
without  difficulty. 

As  a  result  of  the  small  motion 
required,  short  frictionless  leaf 
spring  bearings  may  be  used,  mak¬ 
ing  a  more  easily  assembled  move¬ 
ment.  Having  the  coil  at  the  end 
of  the  beam  provides  a  torque-input 
current  ratio  that  is  higher  then 
that  usually  attainable,  but  which 
would  be  detrimental  were  it  not 
for  the  feedback  used.  The  long 
natural  period  of  the  beam  is  re¬ 
duced  by  feedback  as  has  been 
shown. 

Thus,  combining  the  advantages 
of  a  high  torque  to  current  input 
ratio,  rugged  shockworthy  con¬ 
struction,  simplicity  of  assembly, 
and  a  fast  time  response  as  a  result 
of  feedback,  the  galvanometer  is 
suitable  for  use  as  the  input  stage 
of  a  high-gain,  stable  field  model 
d-c  amplifier. 

Practical  Instrumant 

To  answer  a  demand  for  an  am¬ 
plifier  for  aircraft  purposes,  the 
Microsen  d-c  amplifier  pictured  in 
Fig.  4  w’as  developed.  The  unit 
shown  is  a  bench  model,  flight 
models  being  shock-mounted  and 
weather-sealed. 

This  instrument  is  exemplary  of 
the  general  principles  discussed, 
and  its  specific  characteristics  will 


•lactromochanical  aystam  with  and  with¬ 
out  ioodback 

be  considered  in  more  detail.  The 
design  throughout  was  influenced 
by  the  stringent  specifications  of 
aircraft  apparatus.  It  occupies  less 
than  40  cubic  inches,  weighs  ap¬ 
proximately  2  pounds,  requires  less 
than  5  watts  power  and  is  mechan¬ 
ically  constructed  to  insure  its 
ability  to  withstand  heavy  vibra¬ 
tional  and  acceleration  loading. 

The  circuit  of  Fig.  2A  was  used 
in  this  instance,  and  the  feedback 
fraction  chosen  was  0.001,  giving 
a  gain  of  1,000.  Its  specific  use  is 
to  provide  a  voltage  output  of  5 
volts  for  a  thermocouple  input  of 
5  millivolts.  It  is  powered  by  an 
unregulated  d-c  supply  of  nominal 
200-volt  value.  With  line  voltage 
variation  from  100  to  200  volts,  out¬ 
put  drifts  only  0.5  percent. 

Feedback  has  greatly  improved 
the  time  response  as  is  witnessed 
by  the  frequency  characteristics 
with  and  without  feedback  shown 
in  Fig.  5.  The  gain  remains  con¬ 
stant  as  long  as  ju.3  is  much  greater 
than  unity.  At  higher  frequencies 
jit/S  becomes  smaller  as  fi  is  reduced. 

If  it  were  desirable  to  extend  the 
frequency  characteristic  and  still 
retain  the  same  gain,  a  stage  of  d-c 
amplification  might  be  added,  thus 
increasing  /i/8  without  increasing 
3,  the  reciprocal  of  the  latter  still 
determining  the  gain  value.  Of 
course,  the  gain  is  not  limited  to 
1,000.  Stable  gains  as  high  as  50,- 
000  can  be  provided  if  the  applica¬ 
tion  demands. 
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FIG.  1 — Phote  method  of  obtaining  frequency  drift  sente 


FIG.  2 — Resonator-detector  output 
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Consequently,  if  the  transmitter 
carrier  is  held  to  within  about 
200  kc  of  the  assigned  frequency, 
it  will  remain  well  within  the  chan¬ 
nel  limits.  A  simplified  motor- 
operated  afc  system  will  serve. 

In  all  automatic  frequency  con¬ 
trol  systems,  the  frequency  of  the 
controlled  oscillator  is  compared 
with  a  known  reference  frequency, 
and  any  discrepancy  between  the 
two,  as  indicated  by  the  detection 
circuit,  is  used  to  apply  a  correction 
to  the  afc  oscillator.  One  method 
uses  a  cavity  resonator  as  the  refer¬ 
ence  frequency  standard.  The  reso¬ 
nator  is  used  in  such  a  way  as  to 
obtain  a  sensing  or  directioning  of 
the  oscillator  drifts  for  applying 
the  proper  corrections.  This  cor¬ 
rection  may  be  accomplished  by 
coupling  the  resonator  to  a  wave¬ 
guide  bridge  circuit.* 

The  type  of  sensing  used  in  the 
system  to  be  described  is  somewhat 
novel  because  it  applies  a  sensing 
modulation  to  the  reference  reso¬ 
nator  itself.  This  sensing  modula¬ 
tion  provides  a  means  of  detecting 
the  magnitude  and  direction  of  fre¬ 
quency  shift  of  the  oscillator.  The 
signal  carrying  this  information  is 
used  to  shift  the  oscillator  back  to 
the  correct  frequency  setting. 
Either  mechanical  or  electronic 


means  can  be  used  to  tune  the  tube, 
or  both  can  be  used  in  combination. 

Several  useful  afc  systems  are 
discussed:  motor  afc  system  alone; 
motor  and  reflector  afc  system 
combination;  pushbutton  scanning 
means  for  such  systems;  automatic 
scanning  means.  Their  discussion 
is  preceded  by  an  analysis  of  cer¬ 
tain  basic  operating  principles. 

Method  of  Sensing 

If  the  resonant  frequency  of  an 
excited  resonator  is  moved  back 
and  forth  at  a  given  rate,  the  re¬ 
sulting  signal  from  a  crystal  detec¬ 
tor  coupled  to  the  cavity  is  in  phase 
with  the  signal  producing  the  res¬ 
onant  frequency  shift  when  the  car¬ 
rier  is  effectively  detuned  to  one 
side  of  resonance,  and  180  degrees 
out  of  phase  when  it  is  detuned  to 
the  other  side  of  resonance.  As  far 
as  the  crystal  detector  is  concerned, 
variation  of  the  cavity  resonant  fre¬ 
quency  is  equivalent  to  frequency 
modulation  of  the  carrier  generator. 
When  the  carrier  is  exactly  in  tune 
with  the  resonator,  the  detector 
output  is  entirely  the  second  har¬ 
monic  of  the  sweep  rate,  with  no 
fundamental  component  present. 

Figures  1  and  2  illustrate  these 
basic  sensing  functions  graphically. 
Figure  2  shows  that  increasing  the 


WITH  the  rapidly  spreading 
interest  in  microwave  relay 
systems,  there  appears  a  need  for  a 
relatively  simple  means  of  keeping 
a  microwave  oscillator  within  the 
required  frequency  tolerances.  Ac¬ 
curately  controlled  temperature  and 
voltages  at  the  tube  can  be  used 
with  good  success,  but  this  requires 
complicated  and  bulky  equipment. 

Techniques  using  automatic  fre¬ 
quency  control  (afc)  of  the  micro- 
wave  oscillator  have  also  been  de¬ 
veloped,  and  many  of  these  operate 
exceptionally  well.  Some  of  them 
have  sufficient  bandwidth  and  sta¬ 
bility  characteristics  to  provide  a 
frequency  correction  to  the  oscilla¬ 
tor  of  better  than  several  parts  per 
million  over  reasonable  periods  of 
time. 

The  afc  system  to  be  described 
is  not  as  precise  as  ^he  best  that  can 
be  built,  neither  is  it  as  complicated 
as  a  precision  unit.  Instead  it  is 
relatively  simple,  compact,  easy  to 
adjust,  and  can  operate  with  either 
tunable  klystrons  or  tunable  mag¬ 
netrons. 

Most  of  the  relay  systems  on  mi¬ 
crowave  channels  are  rather  wide 
band,  in  the  order  of  2  me  or  more. 


•  The  equipment  described  was  developed 
while  the  author  was  with  Sperry  Gyro 
scope  Co. 
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fig.  3 — A  basic  motor-operated  automatic  frequency  control  FIG.  4 — A  basic  electronic  automatic  ireciuency  control  I 


Combinations  of  motor  and  electronic  afc  action  for  microwave  oscillators  are  discussed. 
Methods  of  automatic  and  manual  correction  scanning  complete  the  design  considera¬ 
tions  for  a  3,000-mc  radio-relay  system  that  remains  within  200  kc  of  assigned  frequency 
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carrier  detuning  will  enhance  the 
voltage  of  the  fundamental  fre¬ 
quency-modulating  frequency  ob¬ 
tained  from  the  crystal  detector 
until  the  detuning  has  gone  about 
one-quarter  of  the  resonator  band¬ 
width,  at  which  point  the  voltage 
of  the  fundamental  begins  to  drop 
off,  although  remaining  in  the  same 
phase.  The  output  signal  from  the 
detector  crystal  is  a  reversing-phase 
variable-magnitude  voltage  of  the 
same  frequency  as  that  used  to 
modulate  the  resonator. 

Figure  2  is  correct  for  small  fre¬ 
quency  deviations  of  the  resonator 
frequency,  a  condition  w’hich  is  em¬ 
ployed  in  the  present  afc  system. 
Wider  deviations  move  the  funda¬ 
mental  peaks  out  to  about  the  half¬ 
power  points  on  the  resonance 
curve.  The  slope  of  the  fundamen¬ 
tal  curve  at  or  near  resonance  is 
called  the  conversion  factor  or  sen¬ 
sitivity  of  the  resonator-detector 
unit,  dE^/df,  and  is  stated  in  volts 
per  cycle  for  a  given  radio-fre¬ 
quency  power  into  the  resonator  and 
a  given  frequency  deviation. 

To  prevent  modulation  of  the 
cavity  from  reacting  on  the  oscilla¬ 
tor,  careful  adjustment  of  the  coup¬ 
ling  between  the  two  is  necessary. 
It  is  desirable  to  use  only  a  small 
amount  of  power  in  the  resonator. 


as  this  aids  in  meeting  the  decoup¬ 
ling  requirement  by  allowing  loose 
coupling  and  avoids  absorbing  too 
much  energy  from  the  oscillator. 

Basic  Motor  AFC 

To  illustrate  each  functional  sec¬ 
tion  of  the  complete  afc  system,  the 
two  methods  of  control  will  be  dis¬ 
cussed  separately.  Figure  3  shows 
a  block  diagram  of  the  essential  ele¬ 
ments  of  the  motor  afc  without 
antihunt.  Since  the  resonator- 
detector  output  is  a  reversing-phase 
variable-magnitude  voltage  of  the 
fundamental  sweep  frequency,  it  is 
suitable  for  operating  a  two-phase 
motor.  If  one  winding  is  excited 
with  a  constant  voltage  of  fixed 
phase,  and  the  other,  called  the  con¬ 
trol  winding,  is  excited  by  a  vari¬ 
able-magnitude  voltage  of  either  0 
or  180-deg  phase  relationship  with 
respect  to  the  first  winding,  the 
direction  of  rotation  of  the  motor 
will  depend  upon  whether  0-deg  or 
180-deg  phase  voltage  is  in  the  con¬ 
trol  winding.  The  speed  at  which 
the  motor  runs  is  dependent  upon 
the  amplitude  of  the  voltage  in  the 
control  winding,  with  zero  voltage 
producing  no  rotation,  even  though 
full  voltage  is  m.aintained  on  the 
first  or  reference  phase  winding. 
The  motor,  in  essence,  becomes  a 


phase  detector  in  this  type  of  afc 
system. 

From  the  diagram  of  Fig.  3,  it 
is  seen  that  the  resonator-detector 
signal  is  amplified  and  applied  di¬ 
rectly  to  the  control  winding  of  the 
motor.  The  fixed  phase  winding 
derives  its  excitation  from  the  same 
source  that  is  used  to  produce  the 
resonator  frequency  deviations  for 
the  sensing  operations. 

Since  the  two-phase  motor  is  a 
mechanical  device,  it  is  subject  to 
certain  evils,  namely  bearing  fric¬ 
tion,  inertia,  and  unbalance.  In  a 
good  motor  the  rotor  will  be  bal¬ 
anced  rather  carefully,  and  static 
inertia  troubles  will  not  begin  to 
appear  until  the  static  friction  in 
the  bearings  has  been  virtually 
eliminated.  Owing  to  this  friction, 
a  finite  signal  voltage  at  the 
motor  winding  is  needed  to  over¬ 
come  these  forces  and  produce  rota¬ 
tion.  Usually  the  rotational  friction 
is  lower  than  the  static  friction,  and 
consequently  it  is  not  the  important 
factor  in  the  problem. 

Assuming  then  that  the  system 
is  exactly  in  tune,  no  fundamental 
voltage  will  appear  at  the  motor 
winding.  As  the  oscillator  begins 
to  drift,  the  error  signal  on  the 
motor  winding  has  to  reach  a  value 
of  £■«  volts  before  motor-operated 
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afc  action  takes  place.  Therefore, 
the  unavoidable  frequency  error 
owing  to  friction  is  the  frequency 
drift  required  to  produce  £7*  volts 
at  the  motor. 

Referring  again  to  Fig.  3,  the 
terms  used  to  describe  the  action 
around  the  feedback  loop  may  be 
summarized  and  defined.  is  the 
motor  voltage  required  to  overcome 
static  friction;  dE,/df  is  the  reso¬ 
nator-detector  voltage  frequency 
sensitivity,  near  resonance;  is 
the  gain  of  the  motor  amplifier  sec¬ 
tion;  A/  is  the  frequency  deviation 
error  without  afc. 

To  cause  afc  action  to  take  place 
the  error  signal  must  equal  E^,  and 
that  quantity  may  be  evaluated  by 

(dE,/df)  A/  (1) 

Solving  for  the  frequency  error  pro¬ 
duced  by  the  motor  afc  because  of 
frictional  forces  gives 

A/„  -  (E„/A„)  (df/dEc)  (2) 

The  error  shown  in  Eq.  2  is  the 
long-time  error  encountered  in  the 
motor-operated  tjrpe  of  afc  system 
(assuming  negligible  resonator  and 
modulator  drift),  since  the  motor 
will  drive  until  the  error  voltage  on 
its  winding  has  reached  some  value 
less  than  Driving  toward  the 
correct  frequency,  the  inertia  of  the 
mechanical  system  will  carry  the 
tuning  well  into  the  region  where 
the  error  signal  is  legs  than  E^.  The 
fact  that  rotational  frictional  at 
slow  speeds  is  less  than  static  fric¬ 
tion  emphasizes  this  condition. 

It  may  happen  that  the  mechani¬ 
cal  inertia  of  the  gear  train  actually 
carries  the  tuning  through  the  cor¬ 
rect  value  and  to  a  reverse  voltage 


NO  FEECBDCK 


T»C- — • 


FIG.  5 — Motor  tuning  time  plotted  against 
correctiTe  feedback 


FIG.  6 — The  hold-in  characteristic  Tersus 
motor-amplifier  gain  indicates  how  welt 
motor  error  can  be  compensated 


greater  than  This  new  error 
signal  drives  the  system  in  the 
other  direction  and  the  overrun  may 
then  be  encountered  a  second  time. 
This  can  result  in  hunting,  where 
the  motor  oscillates  the  tuning  back 
and  forth  around  the  correct  fre¬ 
quency  setting. 

The  problem  of  eliminating  hunt¬ 
ing  will  be  taken  up  in  a  later  sec¬ 
tion.  The  correction  response  time 
of  the  motor  afc  is  usually  slow  due 
to  the  mass  and  drag  of  the  me¬ 
chanical  linkages. 

lasic  EloetroRle  AFC 

Using  electronic  afc,  for  example 
by  varying  the  refiector  voltage  of 
a  reflex  klystron,  a  residual  error 
signal  is  required  to  produce  a  cor¬ 
rection  voltage  with  which  the  afc 
must  operate.  This  is  unlike  the 
motor-operated  afc  in  which  the 
error  signal  would  go  to  zero  if  no 
static  frictional  forces  existed. 
Figure  4  shows  a  block  diagram  of 
an  electronic  afc  section.  The  es¬ 
sential  difference  between  this  and 
the  previous  case  is  the  replacement 
of  the  motor  by  a  phase-detector 
whose  output  is  coupled  directly 
into  the  reflector  circuit  of  a  kly¬ 
stron.  Since  the  reflector  is  fre¬ 
quency-voltage  sensitive,  the  control 
loop  is  complete  to  provide  afc 
action. 

As  such  an  electronic  afc  system 
does  not  have  any  mechanical  cir¬ 
cuits,  it  can  be  treated  in  the  usual 
feedback  manner.  The  terms  used 
around  the  feedback  loop  in  Fig.  4 
are  defined  as  follows: 

G*  =  conversion  gain  of  phase  de¬ 
tector 


dfJdEr  «  klystron  reflector  frequency^ 
voltage  sensitivity 

dE,ldf  »  resonator-detector  voltage 

*  quency  seantivity  neat  reson¬ 
ance  (as  before) 

Ar  »  gain  of  reflector  amplifier 
section 

A/  »  frequency  deviation  error  with¬ 
out  afc 

Br  ■■  feedback  gain  around  loop,  ex¬ 
cluding  amplifier  Ar 

The  residual  error  in  the  electronic 
afc  is  the  frequency  error  drift  di¬ 
vided  by  the  total  loop  gain 

A/  Af  _  Af 

loop  gain  A,B, 

(,) 

Substituting  Eq.  4  in  Eq.  3 


A,G« 


.A/ _ 

df  dEr 
dEr  df 


(5) 


The  residual  error  signal  can  be 
made  smaller  by  increasing  the  gain 
around  the  feedback  loop  (ArB,). 


Cembiaatien  Meter  end  Electreaie  AFC 

The  motor  and  electronic  afc  sys¬ 
tems  have  one  interesting  thing  in 
common;  neither  afc  system  can 
produce  complete  error  correction. 
The  motor  system  is  afflicted  with 
frictional  troubles,  and  the  elec¬ 
tronic  system  requires  some  error 
signal  to  produce  afc  action.  Oper¬ 
ating  in  combination,  however,  the 
electronic  afc  has  to  handle  all 
transient  errors  greater  than  the 
maximum  frequency  error  allowed 
by  the  motor  friction  given  by  Eq. 
2.  Its  long-time  error  signal  will 
be  less  than  this  amount.  Conse¬ 
quently,  the  resulting  long-time 
error  of  the  combined  systems  is 
given  by  substituting  Eq.  2  into 
Eq.  5 
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A/,  (df/dEc)  (E„/A„)  _ 

*  ArBr  "  (df/dEr)  {dEJdf)  ’ 

Several  things  are  gained  when 
the  electronic  afc  system  is  com¬ 
bined  with  the  motor-operated  afc. 
First,  the  response  of  the  electronic 
system  is  faster  than  its  mechanical 
counterpart.  This  feature  relieves 
the  motor  of  trying  to  respond  to 
transients  which  it  can  not  handle. 
Second,  the  quicker  action  of  the 
electronic  system  acts  as  an  anti¬ 
hunt  circuit  for  the  motor  afc.  If 
the  motor  inertia  carries  the  cor¬ 
rective  tuning  past  the  center  fre¬ 
quency,  the  electronic  afc  corrects 
this  situation  by  electronic  tuning, 
thus  wiping  out  or  materially  reduc¬ 
ing  (by  an  amount  equal  to 
—  If /ArBr)  the  reverse  error  signal 
which  the  motor  winding  would 
have  otherwise  seen.  Action  such 
as  this  removes  any  tendency  to 
hunt  or  oscillate  about  the  center 
frequency,  and  gives  a  smoothly 
damped  motor  operation.  Third, 
when  the  combined  system  is  in 
tune,  the  output  from  the  phase 
detector  is  zero. 

This  last  condition  is  most  im¬ 
portant  in  transmitters  whose  mod¬ 
ulation  characteristics  are  critical 
as  to  distortion,  and  the  oscillator 


must  be  operated  at  the  center  of  a 
mode  as  dictated  by  the  reflector 
characteristics.  Consider  a  step- 
function  frequency  disturbance.  The 
action  of  the  electronic  afc  causes 
it  to  make  its  best  possible  correc¬ 
tion  as  given  by  Eq.  5.  During  this 
time  the  motor  has  also  begun  to 
operate,  to  wipe  out  the  error  volt¬ 
age  on  its  winding.  As  the  system 
approaches  the  correct  mechanical 
tuning  of  the  klystron,  the  error 
voltage  is  reduced.  When  the  cor¬ 
rection  is  complete,  the  output  of 
the  phase  detector  goes  essentially 
to  zero,  thereby  putting  no  addi¬ 
tional  voltage  from  electronic  afc 
action  onto  the  already  existing  re¬ 
flector  potential.  In  this  way,  the 
best  modulation  characteristics  are 
maintained,  even  under  rather 
severe  afc  hold-in  conditions. 

Motor  Circuit  Antihunt  Control 

When  the  motor-operated  afc  is 
considered  alone,  some  means  of 
reducing  the  tendency  to  oscillate 
about  the  center-frequency  must  be 
introduced.  One  of  the  most  satis¬ 
factory  methods  is  to  couple  an  eddy 
current  generator  to  the  motor 
shaft,  and  excite  one  of  its  fields  at 
the  motor  frequency.  The  ampli¬ 
tude  of  the  resulting  voltage  in  its 
output  winding  will  be  proportional 
to  the  speed  of  the  motor,  and  its 


phase  w’ill  be  either  0  or  180  deg 
with  respect  to  the  exciting  voltage, 
depending  upon  the  direction  of  ro¬ 
tation.  No  slip  rings  are  needed  so 
no  additional  friction  forces  are 
incurred. 

The  eddy-current  generator  sig¬ 
nal  is  introduced  into  the  motor 
control  circuit  in  such  a  way  that 
its  phase  is  in  opposition  to  that 
of  the  error  signal.  When  a  fre¬ 
quency  disturbance  occurs,  the 
motor  operates  to  reduce  the  error 
as  usual,  but  some  signal  of  opposite 
phase  proportional  to  the  motor 
speed  is  supplied  by  the  generator 
to  reduce  the  apparent  error  signal. 
Such  a  reduction  in  error  voltage 
slows  down  the  motor,  which  pro¬ 
cedure  in  turn  reduces  the  injected 
antihunt  voltage. 

Should  the  inertia  of  the  me¬ 
chanical  system  carry  the  correction 
too  far,  and  cross  the  center  fre¬ 
quency,  the  error  signal  will  change 
phase.  This  condition  puts  both 
error  and  antihunt  signals  in  phase, 
and  the  sum  of  the  two  act  to  brake 
and  reverse  the  direction  of  rota¬ 
tion.  Once  this  reversal  is  accom¬ 
plished  they  are  again  out  of  phase, 
because  the  phase  of  the  generator 
voltage  depends  upon  the  direction 
of  shaft  rotation  only,  and  the  anti¬ 
hunt  signal  is  again  tending  to  slow 
■  down  the  motor.  One  important 
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FIG.  8 — Block  diagram  oi 


FIG.  7 — Block  diagram  oi  a  motor  aic  syatem  connected  for  antihunting 


point  should  be  noted ;  the  antihunt  quency  is  used  for  both  motor  and 
signal  becomes  less  and  less  as  the  electronic  afc,  it  is  apparent  that 
motor  slows  down  when  approach-  the  error  information  is  arriving 
ing  *the  correct  tuning,  and  it  is  into  the  system  at  only  a  400-cps 
zero  when  the  motor  arrives  at  a  rate.  This  relatively  slow  rate  of 
dead  stop.  In  this  latter  condition  gathering  information  puts  a  defi- 
the  system  has  its  greatest  sensi-  nite  limit  upon  the  transient  re- 
tivity.  sponse  of  the  electronic  afc.  If  at 

The  amplitude  of  the  antihunt  least  20  complete  information  cycles 
signal  plays-  a  large  part  in  deter-  are  needed  for  reproducing  error 
mining  the  characteristics  of  the  data  of  a  transient  pulse,  then  the 
motor  afc  system.  In  Fig.  5  is  transient  response  that  can  be 
shown  a  series  of  curves  for  differ-  handled  by  such  a  system  is  in  the 
ent  amounts  of  speed  feedback  order  of  0.1  second,  or  longer, 
voltage.  It  is  possible  to  go  from  The  difficulty  in  filtering  out  400 
the  case  of  oscillation  with  no  anti-  cps  from  the  output  of  the  phase 
hunt  voltage  through  a  gradual  ap-  detector  to  prevent  400-cps  fre- 
proach  to  the  condition  with  no  quency  modulation  of  the  klystron 
overshoot,  and  beyond  to  a  point  necessitated  a  brute-force  filter, 
using  excessive  antihunt  signal.  The  which  would  preclude  attempting 
proper  adjustment  is  somewhere  be-  to  raise  the  transient  response  when 
tween  the  two  extremes,  depending  using  such  a  low  sensing  frequency, 
upon  the  operating  requirements  It  is  entirely  possible  to  use  two 
of  the  individual  equipment.  sensing  frequencies  to  overcome 

this  trouble,  such  as  400  cps  for 
Hold-iH  Tightness  motor  control  and  50  kc  to  100  kc 

From  Eq.  2  it  is  apparent  that  for  electronic  control,  with  good 
the  motor  error  caused  by  static  transient  response, 
friction  varies  inversely  as  the  gain 
of  the  motor  amplifier,  A^.  Figure 

6  illustrates  a  family  of  curves  The  simplest  form  of  afc  system 
which  show  increasing  tightness  of  that  has  been  discussed  is  one  using 

afc  control  (that  is,  less  frequency  just  motor  control,  with  antihunt 

error)  with  increasing  amplifier  signals  supplied  by  an  eddy-current 
gain.  The  section  near  the  center,  generator.  A  block  diagram  of  this 
before  overloading  occurs,  is  most  arrangement  is  shown  in  Fig.  7. 
interesting.  As  the  gain  increases.  The  performance  to  be  expected 

the  motor-error  width  decreases  ac-  from  this  circuit  is  given  by  Eq.  2, 

cordingly.  and  the  response  to  transients  is 

The  ability  of  the  system  to  re-  relatively  poor.  However,  such  an 
spond  to  transient  disturbances  is  afc  is  characterized  by  extreme 
dependent  upon  the  electronic  afc.  simplicity,  low  power  drain,  com- 
Assuming  that  a  400-cps  motor  is  pact  size,  and  a  wide  tuning  range, 
used,  and  the  same  sensing  fre-  •  The  fnechanical  details  are  most 


important,  such  as  good  linkages 
between  the  motor  shaft  and  the 
tuning  member,  stable  frequency- 
temperature  characteristics  of  the 
reference  resonator,  and  stable 
resonator-modulator  characteristics. 
Some  means  of  reducing  the  second 
harmonic  voltage  of  the  sensing 
frequency  is  necessary  to  prevent 
overheating  the  motor  winding  with 
a  signal  that  contributes  no  rota¬ 
tional  torque. 

A  slightly  different  type  of  motor- 
operated  afc  is  possible  by  coupling 
the  motor  to  a  potentiometer  which 
in  turn  varies  the  reflector  voltage 
of  the  reflex  klystron.  No  mechani¬ 
cal  work  is  done  on  the  klystron, 
consequently  less  torque  is  needed 
from  the  motor.  The  frequency  con¬ 
trol  range  of  this  system  is  limited, 
however,  to  the  electrical  tuning  of 
the  reflector  circuit.  Unlike  the 
electronic  afc,  no  sensing  voltage 
has  to  be  filtered  from  the  reflector 
circuit. 


Motor-Electronic  System 

The  combination  of  motor  and 
electronic  afc  .systems  gives  more 
flexibility  of  operation.  Figure  8 
shows  a  block  diagram  of  this  com¬ 
bination  system.  Note  that  the 
antihunt  signals  for  the  motor  are 
now  amplified  in  a  separate  stage 
and  fed  into  the  signal  amplifier  at 
a  point  beyond  where  the  phase  de¬ 
tector  signals  are  picked  off.  The 
change  in  antihunt  injection  is 
necessary  to  prevent  the  generator 
voltage  from  getting  into  the  phase 
detector  circuit. 

Several  points  of  caution  are 
necessary  to  observe  if  this  com- 


NoYember,  1947  —  ELECTRONICS 


>  OUTPUT 


!  i 


motor  and  oloctronic  aic  aystem 


FIG.  9 — Block  diagram  oi  an  oic  aystem  with  automatic  scan 


bination  afc  is  to  function  properly. 
Referring  again  to  Fig.  8,  the  phase 
of  the  signal  at  the  motor  winding 
should  be  either  0  or  180  deg  with 
respect  to  the  voltage  on  its  fixed 
phase  winding.  The  phase  of  the 
amplified  antihunt  signal  should  be 
180  deg  with  respect  to  the  signal 
voltage  at  the  point  of  injection 
into  the  motor  amplifier  chain. 
Last,  the  phase  of  the  signal  voltage 
at  the  secondary  winding  of  the 
pushpull  transformer  of  the  phase 
detector  should  be  either  0  or  180 
deg  with  respect  to  the  reference 
voltage  in  the  center  leg  of  the 
phase  detector.  Also,  the  frequency 
response  around  the  electronic  afc 
loop  should  drop  to  unity  before  the 
phase  shift  has  reached  180  deg, 
otherwise  the  reflector  afc  will 
oscillate  at  the  frequency  where  the 
180-deg  shift  occurs. 

PuthbuHon  Scanning 

The  two  systems  described  above 
will  pull  into  frequency  if  the  drift¬ 
ing  oscillator  signal  is  within  the 
skirts  of  the  reference  resonator 
response.  However,  the  oscillator 
may  not  be  within  this  frequency 
range,  especially  with  a  tunable 
reference  resonator  as  used  in  sig¬ 
nal  generator  applications.  To  make 
the  motor  tune  the  oscillator  with¬ 
out  error  signal  from  the  resonator, 
a  switch  or  pushbutton  arrange¬ 
ment  can  be  used  to  inject  scanning 
voltage  into  the  motor  amplifier  and 
to  disconnect  the  motor  antihunt 
signals  during  the  scanning  opera¬ 
tion. 

The  simplest  method  is  to  allow 
the  motor  to  drive  always  in  the 


same  direction  during  scanning. 

If  the  resonator  is  tunable  or  chan¬ 
nelled,  a  better  method  is  to  connect 
a  set  of  contacts  to  the  frequency- 
shifting  mechanism  which  selects 
the  proper  phase  of  the  scanning 
voltage  for  driving  in  the  correct 
direction.  Such  a  scheme  will  be 
described  in  more  detail  in  a  later 
section. 

Automatic  Scanning 

Certain  applications  require  that 
the  afc  system  automatically  search 
and  lock  onto  the  signal  if  it  should 
not  be  within  the  pass-band  limits 
of  the  reference  resonator,  'yiis 
type  of  operation  is  relatively  easy 
to  accomplish  with  the  afc  equip¬ 
ment  under  discussion. 

Figure  2  shows  the  output  volt¬ 
ages  from  the  resonator-detector 
within  the  resonant  characteristics 
of  the  cavity.  Notice  that  the  sec¬ 
ond  harmonic  of  the  sensing  modu¬ 
lation  frequency  peaks  at  resonance, 
while  the  fundamental  goes  to  zero. 
It  is  obvious  then  that  if  both  the 
fundamental  and  second  harmonic 
frequencies  are  amplified  and  recti¬ 
fied,  a  control  bias  can  be  developed 
whenever  the  carrier  lies  within  the 
resonator  limits.  Should  the  car¬ 
rier  drop  out  of  the  pass  band  of 
the  resonator,  no  bias  will  be  pro¬ 
duced  and  scanning  can  be  made 
to  commence.  An  automatic  scan¬ 
ning  system  is  shown  in  block  dia¬ 
gram  form  in  Fig.  9. 

First,  it  is  important  that  the 
d-c  bias  developed  by  this  rectified 
sensing  signal  be  sufficiently  great 
at  resonance  to  cut  off  the  control 
or  relay  tube  with  a  reasonable  mar¬ 


gin  of  safety.  Second,  if  this  bias 
is  used  to  cut  off  a  scanning  tube 
(instead  of  operate  a  relay  tube) 
it  must  be  great  enough  to  elimi¬ 
nate  completely  all  trace  of  scan¬ 
ning  voltage  in  its  output  circuit; 
otherwise  the  afc  system  will  re¬ 
main  slightly  off  to  one  side  or  the 
other  of  resonance.  During  scan¬ 
ning,  some  means  to  reduce  or 
eliminate  the  speed  feedback  volt¬ 
age  is  required.  If  this  reduction 
is  not  effected  the  scanning  will  be 
slow  and  jerky. 

A  more  desirable  method  than 
cutting  off  a  vacuum  tube  is  to  use 
the  bias  voltage  to  operate  a  relay 
tube.  The  relay,  when  relaxed,  al¬ 
lows  the  generator  feedback  voltage 
to  be  applied  in  the  normal  manner, 
and  when  energized  it  injects  scan¬ 
ning  voltage  into  the  system  instead 
of  antihunt  voltage  from  the  gen¬ 
erator. 

As  mentioned  earlier,  the  phase 
of  the  scanning  voltage  can  be  sel¬ 
ected  automatically  so  that  the 
motor  will  drive  in  the  shortest  di¬ 
rection  to  pick  up  the  signal.  A 
pair  of  contacts  operated  by  the 
resonator  tuning  or  channeling 
mechanism  -  though  a  clutch  w-ill 
w-ork  satisfactorily  for  this  phasing 
operation. 

The  special  components  used  in 
a  representative  system  and  their 
necessary  physical  properties  will 
be  described  in  the  second  and  con¬ 
cluding  part  of  this  article,  to  ap¬ 
pear  in  a  forthcoming  issue. 
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Numerous  research  projects, 
and  the  field  of  nucleonics  in 
particular,  require  a  practical 
method  of  measuring  very  short 
time  intervals  that  occur  at  random. 
Lengths  of  periodic  or  recurring  in¬ 
tervals  can  be  observed  by  conven¬ 
tional  oscilloscope  patterns,  but 
when  it  is  desired  to  measure  the 
interval  between  a  pair  of  closely 
spaced  pulses  that  may  appear  only 
a  few  times  in  an  hour,  the  tech¬ 
nique  is  difficult.  A  common  method 
of  measurement  has  been  to  use  a 
long-persistence  cathode-ray  trace 
with  rotary  sweep  and  triggered 
control.  For  measurements  of  the 
order  of  a  few  microseconds,  the 
sweep  speed  must  be  so  great  that 
the  trace  is  dim  and  hard  to  photo¬ 
graph  or  observe. 

Gat«d  Ceimtcr  TcchiiiqM* 

A  better  method  has  been  found 
by  the  application  of  electronic 
counter  techniques.  Currently  avail¬ 
able  commercial  counters  do  not 
have  as  good  resolution  as  desired 


for  such  measurements,  and  do  not 
record  the  result  and  repeat  the  op¬ 
eration  automatically.  Consequent¬ 
ly,  a  special  development  was  un¬ 
dertaken  that  resulted  in  the  design 
and  construction  of  the  Short  Inter¬ 
val  Timer  and  Recorder  (sometimes 
called  SITAR). 

System  Operation 

The  basic  element  of  the  interval 
timer  is  a  binary  scaler  or  counter 
chain  connected  through  a  gating 
circuit  to  a  4-mc  driving  source. 
Pulses  marking  off  the  interval  to 
be  measured  are  applied  to  a  gate 
or  switching  circuit  which  passes  a 
representative  block  of  the  high- 
frequency  cycles  to  the  binary 
chain,  where  they  are  counted  and 
registered.  The  result  is  then  auto¬ 
matically  recorded  as  a  dot  pattern 
across  a  strip  of  special  paper  and 
the  machine  resets  itself  in  readi¬ 
ness  for  the  next  measurement. 

The  block  diagram  of  Fig.  1  il¬ 
lustrates  the  various  elements  of 
the  device  with  the  necessary  inter¬ 


connections.  The  components  are 
arranged  physically  in  two  groups 
and  are  mounted  accordingly  on 
two  chassis  units.  The  upper  sec¬ 
tion  contains  the  4-mc  source,  the 
switching  circuit,  and  the  counter 
chain.  The  lower  section  contains 
the  recorder,  its  control  circuits, 
and  the  reset  circuit  which  re¬ 
stores  the  upper  section  to  its 
standby  condition  after  each  meas¬ 
urement. 

The  4-mc  timing  frequency  is  ob¬ 
tained  by  doubling  the  output  of  a 
2-mc  crystal  oscillator.  A  shaper 
and  driver  stage,  under  control  of 
start  and  stop  elements,  transmit  a 
gated  block  of  4-mc  pulses  to  the 
counter.  The  initiating  and  termin¬ 
ating  pulses  of  the  time  interval  to 
be  measured  are  applied  to  trigger 
the  start  and  stop  circuits,  respec¬ 
tively. 

The  counter  or  scaling  circuit 
consists  of  six  binary  stages  of  the 
usual  locking-trigger  type  and  has 
a  capacity  of  64  counts  (2*).  Be¬ 
cause  the  head  or  highest-speed 
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Designed  to  meet  the  needs  of  nucleonic  research,  this  interval  timer  measures  and 
records  intervals  up  to  16  microseconds  with  an  accuracy  of  0.25  microsecond.  Intervals 
to  he  measured  may  occur  at  random  and  he  widely  separated 
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Six  styluses  proiecting  from  tho  raised  recorder  head  electrically  mark  the  count  on 
a  2.2S-inch  strip  of  Teledeltos  paper.  Strip  is  adTonced  in  one-eighth  inch  steps  by 
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stage  operates  at  a  4-mc  rate,  the 
time  capacity  of  the  chain  is  16 
microseconds  and  the  definition  is 
±:0.25  microsecond.  Obviously  the 
capacity  could  be  increased  by  add¬ 
ing  more  stages.  At  the  end  of  any 
given. count,  the  result  is  shown  by 
the  positions  in  which  the  various 
stages  are  left  after  receiving  the 
last  input  pulse.  This  information 
is  indicated  directly  by  means  of 
neon  lamps  and  is  transmitted  to 
the  recorder.  A  typical  binary  stage 
as  used  in  the  SITAR  is  shown  in 
Fig.  2. 

Imtmrval  Kaeordlag 

In  the  recorder  and  control  sec¬ 
tion  the  paper  advance  control  is 
triggered  at  the  end  of  the  count  or 
measurement  and  the  recording 
paper  is  moved  ahead  one  space. 
While  tne  paper  is  in  motion  the 
print  control  circuit  produces  a 
trigger  pulse  to  trip  the  stylus  driv¬ 
ers.  The  gas-tube  stylus  drivers  re¬ 
spond  according  to  received  infor¬ 
mation  from  the  counter  and  apply 


current  through  the  appropriate 
styluse^^to  print  the  result  as  a  rpw 
of  dots  on  the  recording  paper. 

After  each  recorder  operation, 
the  reset  circuit  is  tripped.  This 
circuit  supplies  suitable  reset 
pulses  to  the  start  and  stop  tubes 
and  the  counter  chain  to  restore 
them  to  the  zero  or  standby  condi¬ 
tion.  If  an  applied  start  pulse  is  not 
followed  within  16  microseconds  by 
a  stop  pulse,  the  equipment  auto¬ 
matically  resets  itself.  An  inter¬ 
lock  connection  allows  the  stop  cir¬ 
cuit  to  be  tripped  only  after  the 
start  circuit  has  operated.  Thus 
the  interval  timer  is  protected 
against  false  operation  due  to  any 
stray  or  unwanted  pulses  that  may 
be  applied  to  it. 

Figure  3  illustrates  the  nature  of 
the  record  and  how  it  is  read. 

Timing  Prwciiien 

The  interval  timer  and  recorder 
has  possible  application  in  many 
fields.  The  device  offers  a  practical 
means  of  making  time  interval 


measurements  in  which  the  interval 
is  very  short  and  does  not  repeat. 
Each  pair  of  applied  start-stop 
pulses  causes  an  independent  meas¬ 
urement  to  be  made  and  recorded. 
Due  to  the  mechanical  action  of 
moving  the  record  paper,  each  meas¬ 
urement  requires  approximately  0.5 
second  to  complete.  The  time  be¬ 
tween  measurements  may  be  as  long 
as  desired  because  the  circuit  will 
remain  in  the  standby  condition  in¬ 
definitely. 

The  timer  was  designed  and  built 
to  meet  a  request  from  the  Physics 
Department  of  Princeton  Univer¬ 
sity.  The  machine  is  being  success¬ 
fully  used  there  in  current  nuclear 
research.  It  was  originally  equipped 
to  have  a  definition  of  =t0.5  micro¬ 
second  but  this  was  improved  later 
to  ztO.25  microsecond.  Use  of  tech¬ 
niques  and  circuits  more  recently 
developed  would  make  it  entirely 
possible  to  construct  a  machine 
having  a  timing  frequency  as  high 
as  10  me,  giving  a  definition  of 
rhO.l  microsecond. 
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An  easy  and  common  method  of 
,  predicting  performance  of  vac¬ 
uum  tubes  is  by  using  plate-current 
versus  plate-voltage  characteristic 
curves,  commonly  called  plate  char¬ 
acteristic  curves,  and  plate-current 
versus  grid-voltage  or  transfer 
characteristic  curves.  r>om  these 
curves  it  is  possible  to  determine, 
among  other  things,  plate  resis¬ 
tance  of  the  tube,  amplification 
factor,  transconductance,  power 
output,  and  percentage  of  harmonic 
distortion  introduced. 

Desirability  of  More  Carves 

Useful  as  they  may  be,  ordinarily 
available  curves  are  subject  to  limi¬ 
tations.  For  instance,  plate  charac¬ 
teristic  curves  such  as  are  given  in 


tube  manuals  and  electronic  books 
are  usually  static  curves  and,  for 
pentodes,  are  given  only  for  one 
particular  set  of  screen  and  sup¬ 
pressor  grid  voltages.  From  the  de¬ 
signer’s  standpoint,  a  set  of  char¬ 
acteristic  curves  for  each  possible 
combination  of  these  voltages  would 
be  very  advantageous.  With  such 
a  set  of  curves,  it  would  be  easy  to 
select  the  optimum  set  of  conditions 
under  which  to  operate  the  particu¬ 
lar  tube.  In  the  design  of  audio 
amplifiers,  for  example,  it  would 
be  a  relatively  simple  problem  to 
select  the  set  of  operating  condi¬ 
tions  under  which  a  given  output 
could  be  obtained  with  minimum 
distortion.  In  electronic  control 
systems,  where  the  irregular  por¬ 


tions  of  the  characteristic  curves 
are  utilized,  a  complete  set  of  these 
curves  would  enable  the  designer  to 
pick  the  operating  conditions  under 
which  these  irregularities  could  be 
used  to  greatest  advantage. 

Desirable  as  it  would  be,  to  in¬ 
clude  in  tube  manuals  such  a  set  of 
curves  is  impractical,  because  of  the 
vast  number  that  would  be  required. 
The  designer  then  has  two  choices. 
He  may  be  satisfied  with  one  set  of 
static  curves  from  which  to  make 
his  calculations  or  he  may  actually 
plot,  point  by  point,  a  set  of  curves 
for  each  given  set  of  conditions. 
Such  a  process  is  long  and  laborious 
and  unless  an  excessive  number  of 
readings  are  taken,  small  irregu¬ 
larities,  such  as  appear  on  6L6 


ViTiring  is  kept  close  to  chassis  to  minimize  stray  fields 

Producing  Tube  Curves 


Front  panels  of  equipment  contain  sockets  for  oU  types  oi  tubes 
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Stepping  circuit  switches  grid  voltage  after  each  characteristic  curve  is  traced  on  cathode- 
ray  oscilloscope.  In  this  way  a  complete  family  of  curves  is  automatically  produced. 
Equipment  makes  possible  rapid  and  detailed  studies  of  all  factors  affecting  tube  operation 


characteristic  curves,  are  not 
likely  to  show. 

Automatic  Curve  Plotter 

Instead  of  manually  plotting  such 
curves,  the  circuit  given  here  offers 
a  method  of  showing  these  char¬ 
acteristic  curves  on  the  screen  of  a 
cathode-ray  tube.^  By  the  use  of  a 
few  calibrated  controls, ‘  it  is  pos¬ 
sible  to  produce  practically  any  com¬ 
bination  of  operating  conditions 
and  to  observe  the  shape  of  the 
curves  under  these  conditions,  as 


By  HENRY  E.  WEBKING 

Graduate  Assietant 

Department  of  Electrical  Engineering 
Oklahoma  Agricultural  and  Mechanical 
College 

Stillurater,  Okla. 

demonstrated  by  the  accompanying 
traces  obtained  with  this  equip¬ 
ment.  These  curves  offer  a  visual 
indication  of  the  changes  in  such 
things  as  amplification  and  linear¬ 
ity  with  changes  in  operating  con¬ 
ditions.  Additional  •  flexibility  is 
provided  by  controls  on  the  front 


panel  which  vary  the  magnitude  of 
the  grid  bias  steps  as  well  as  the 
number  of  steps.  Consequently,  any 
number  of  curves  with  any  desired 
spacing  may  be  shown  on  the 
screen  of  the  cathode-ray  tube. 

In  addition  to  the  plate  charac¬ 
teristic  curves,  this  circuit  (by 
changing  connections  to  the  tube 
under  test)  is  capable  of  producing 
a  dynamic  transfer  characteristic 
curve  (grid-voltage  versus  plate- 
current  curve)  on  the  screen  of  the 
cathode-ray  tube.  As  with  the  plate 
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characteristic  curves,  the  operating 
conditions  undef  which  this  trans¬ 
fer  characteristic  curve  is  produced 
may  be  varied,  giving  a  visual  indi¬ 
cation  of  the  corresponding  changes 
in  the  shape  of  the  curve.  Because 
this  is  a  dynamic  curve,  nonlinear¬ 
ity  of  the  curve  itself  indicates  the 
amount  of  distortion  that  will  be 
produced  by  the  tube  when  oper¬ 
ated  under  the  given  conditions. 
This  fact  is  utilized  a  great  deal 
in  the  design  of  audio  amplifiers 
even  though  the  usual  manner  of 
obtaining  such  a  curve  is  to  plot  it 
with  values  obtained  from  the 
tube’s  plate  characteristic  curves. 
The  technique  has  also  been  used 
to  measure  tube  characteristics 
under  extreme  conditions.* 

The  equipment  is  so  constructed 
that  any  type  of  tube  can  be  tested. 
Meters  are  built  in  to  indicate  the 
various  element  voltages.  A  switch 
located  in  the  middle  of  the  larger 
panel  has  five  positions  and  enables 
the  operator  to  show  curves  of  (1) 
plate  current  versus  plate  voltage, 
(2)  screen  current  versus  plate 
voltage,  (3)  plate  current  versus 
control  grid  voltage,  (4)  screen 
current  versus  control  grid  voltage, 
and  (5)  output  waveform  of  the 
tube  with  an  external  signal  ap¬ 
plied  to  the  grid. 

CircMit  Oparatioa 

The  block  diagram  shows  the 
complete  circuit.  A  110-volt  400-cp8 
sinewave  (readily  available  from 
surplus  aircraft  d3mamotors)  is 
fed  into  the  primary  of  the  trans¬ 
former,  producing  sinewave  volt¬ 
ages  across  both  secondary  wind¬ 
ings.  The  high  frequency  is  used  to 
avoid  flicker  on  the  cathode-ray 
tube,  which  would  be  noticeable  at 
60  cps.  The  300-volt  rms  voltage 
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across  the  upper  winding  is  applied 
to  the  tube  under  test  and  also  pro¬ 
vides  the  horizontal  sweep  for  the 
cathode-ray  tube.  Because  the  plate 
current  of  the  tube  under  test  flows 
through  the  small  grounded  re¬ 
sistor  connected  to  the  upper  wind¬ 
ing,  the  voltage  across  this  resistor, 
when  amplified  and  applied  to  the 
vertical  plates  of  the  cathode-ray 
oscilloscope,  produces  a  vertical  de¬ 
flection  proportional  to  the  plate 
current  in  the  tube  under  test  and 
in  synchronism  with  the  corres¬ 
ponding  plate  voltage  independently 
of  waveshape.  Thus  the  curve 
traced  on  the  screen  of  the  oscil¬ 
loscope  will  be  a  graph  of  plate  cur¬ 
rent  versus  plate  voltage  or  a 
plate  characteristic  curve. 

The  output  voltage  of  the  lower 
transformer  secondary  winding  is 
first  fed  into  a  squaring  (over¬ 
driven)  amplifier.  (Coming  from 
the  common  source,  this  voltage  is 
in  synchronism  with  that  applied 
to  the  tube  under  test.)  This  am¬ 
plifier  changes  the  sinewave  input 
into  a  squarewave  and  changes  the 
phase  by  180  degrees.  The  resultant 
squarewave  is  fed  into  the  first 
electronic  switch,  which  in  turn 
applies  voltage  on  alternate  half¬ 
cycles  to  the  stepping  circuit,  the 
switch  being  closed  during  positive 
half-cycles  of  its  squarewave  input 
and  open  during  negative  half-cy¬ 
cles. 

The  stepping  circuit  is  so  ar¬ 
ranged  that  each  time  voltage  is  ap¬ 
plied,  its  output  voltage  will  in¬ 
crease  by  a  predetermined  amount. 
Because  the  first  electronic  switch 
applies  voltage  to  the  stepping  cir¬ 
cuit  only  on  alternate  half-cycles, 
the  output  voltage  will  correspond¬ 
ingly  increase  only  on  alternate 
half-cycles.  Consequently  the  volt¬ 
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age  on  the  grid  of  the  tube  under 
test,  which  is  controlled  by  the  step¬ 
ping  circuit,  changes  only  during 
the  time  that  its  plate  voltage  is 
negative  and  consequently  when  it 
is  not  conducting.  The  grid  voltage 
remains  constant  during  the  posi¬ 
tive  half-cycle  of  the  applied  sine¬ 
wave  (the  time  during  which  the 
plate  characteristic  curve  is  traced 
on  the  screen),  but  has  a  larger 
negative  value  for  each  successive 
positive  half-cycle  of  plate  voltage. 
Thus  each  successive  characteris¬ 
tic  curve  traced  on  the  screen  of 
the  cathode-ray  oscilloscope  will  be 
for  a  larger  value  of  grid  bias,  and 
a  complete  family  of  curves  is 
traced. 

This  process  continues  until  the 
maximum  desired  value  of  grid  bias 
is  reached.  At  this  time,  the  sec¬ 
ond  electronic  switch  operates  long 
enough  to  reduce  the  stepping  cir¬ 
cuit  output  voltage  to  zero.  The 
stepping  process  is  then  repeated. 

The  output  of  the  low'er  second¬ 
ary  is  also  fed  into  a  90-degree 
phase-shifter  (10A'c</f)  and  its 
output  in  turn  is  applied  to  the  un¬ 
blanking  pulse  generator  (squar¬ 
ing  amplifier) .  Its  squarewave  out¬ 
put,  applied  to  the  control  grid  of 
the  cathode-ray  tube,  is  used  to  in¬ 
crease  the  beam  intensity  during 
the  time  that  the  plate  voltage  of 
the  tube  under  test  is  increasing 
and  thus  during  the  first  quarter- 
cycle  of  the  applied  sinewave,  or 
for  the  time  that  each  plate  charac¬ 
teristic  curve  is  being  traced  on  the 
screen  of  the  oscilloscope. 

SfapplMf  CircHit 

The  second  electronic  switch, 
which  discharges  the  grid  voltage 
stepping  circuit,  is  designed  so  that 
it  remains  open  until  the  voltage 
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across  it  builds  up  to  a  predeter¬ 
mined  value,  at  which  time  it  closes 
and  remains  closed  until  the  voltage 
across  it  decreases  nearly  to  zero. 
As  shown  in  the  circuit  diagram,  in 
which  all  elements  are  in  their  same 
relative  positions  as  in  the  block 
diagram,  this  second  electronic 
switch  can  be  a  one-shot  multivi¬ 
brator  with  the  lefthand  tube  nor¬ 
mally  beyond  cutoff.  The  first  elec¬ 
tronic  switch  is  a  gated  pentode, 
while  the  .stepping  circuit  proper  is 
a  variable  capacitor  having  one 
value  of  0.01  microfarad. 

During  the  povsitive  half-cycle  of 
the  applied  sinew’ave,  the  first  elec¬ 
tronic  switch  is  open  (pentode  cut 
off)  and  the  capacitor  in  its  out¬ 
put  is  charged  through  one  half  of 
the  duodiode  to  approximately  the 
d-c  power  .supply  voltage.  The  R-C 
time  constant  of  this  circuit  should 
be  a  .small  fraction  (1/20)  of  the 
period  of  the  base  frequency  to  per¬ 
mit  full  charging  in  the  half-cycle. 
During  the  negative  half-cycle  of 
the  input  sinew’ave  (squared  be¬ 
fore  being  applied  to  the  switch) 
this  switch  is  clo.sed  and  its  output 
capacitor  discharges  through  the 
other  half  of  the  duodiode,  thereby 
charging  the  grid  voltage  stepping 
capacitor  and  making  the  grid  of 
the  tube  under  test  become  more 
negative  with  respect  to  ground. 
The  voltage  step  produced  across 
the  stepping  circuit  depends  on  the 
ratio  of  its  capacitor  to  that  in  the 
output  of  the  first  switch  and  the 
plate  d-c  supply  voltage  (NsirCE.i,/ 
C,,  where  N  is  the  voltage  of  each 
step).  The  second  electronic  sw’itch 
is  onen  during  this  operation. 

The  charging  of  the  stepping  cir¬ 
cuit  capacitor  continues  every  al¬ 
ternate  half-cycle,  maintaining 
the  phase  relation  to  the  input  sine- 
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wave  shown  in  the  block  diagram. 
When  the  voltage  across  the  step¬ 
ping  circuit  reaches  a'  sufficiently 
high  value,  determined  by  the  po¬ 
tentiometer  in  the  multivibrator 
circuit,  the  lefthand  triode  of  the 
multivibrator  conducts  and  the 
stepping  circuit  di.scharges  through 
the  diode  in  its  cathode  circuit. 
Thus  this  diode  is  the  second  elec¬ 
tronic  switch  and  the  multivibrator 
is  the  sw’itch  control.  After  the 
.stepping  circuit  is  substantially 
discharged,  the  multivibrator  re¬ 
turns  to  normal. 

Vorsotility  of  Applicafioa 

The  circuit  can  be  built  into  a 
compact  unit  and  arranged  so  that 
any  ordinary  type  of  tube  can  be 
tested.  A  calibrated  switch  can*  be 
provided  for  changing  the  magni¬ 
tude  of  grid  voltage  steps  and  a 
potentiometer  for  varying  the  num¬ 
ber  of  steps.  A  small  resistor  with 
a  .shorting  sw’itch,  placed  in  the 
cathode  circuit  of  the  tube  under 
test,  enables  the  operator  to  show 
the  effect  of  cathode  degeneration 
on  the  tube  characteristic.  Sim¬ 
ilarly,  a  .switch  in  series  with  the 
screen  by-pass  capacitor  w’ill  per¬ 
mit  showing  the  effect  of  screen 
degeneration.  Another  potentiom¬ 
eter  may  be  provided  to  vary  the 
screen  grid  voltage  of  tetrode  and 
pentode  tubes. 

Some  interesting  observations 
may  be  made  if  a  potentiometer  is 
connected  between  the  screen  grid 
and  ground  with  the  suppressor 
grid  connected  to  the  movable  arm. 
As  the  potential  on  the  suppressor 
grid  is  varied  from  a  positive  value 
to  zero,  the  characteristic  curves 
change  from  those  of  a  tetrode  to 
those  of  a  pentode.  This  effect  is 
shown  in  the  accompanying  pic¬ 


tures.  There  are  many  possibilities 
for  additional  potentiometers  and 
switches  which  will  make  the  cir¬ 
cuit  even  more  flexible. 

One  of  the  main  applications  of 
this  circuit,  its  use  in  the  design  of 
electronic  circuits,  has  already  been 
pointed  out.  This  application  offers 
the  designer  a  method  of  easily  try¬ 
ing  all  ix)ssible  circuit  combinations 
in  order  to  ascertain  the  best  com¬ 
bination  for  a  particular  case.  It 
also  affords  him  a  method  for  not¬ 
ing  the  effects  on  the  characteristic 
curves  of  such  things  as  feedback 
and  degeneration. 

In  addition,  an  opportunity  is 
provided  for  making  a  more  detailed 
study  of  any  portion  of  the  curves 
by  merely  increasing  the  gain  of 
the  amplifier  in  the  cathode-ray 
oscilloscope.  Such  an  enlarged  pic¬ 
ture  would  be  useful,  for  instance, 
in  the  design  of  low-level  audio 
amplifiers.  These  amplifiers  are 
usually  operated  with  such  low  plate 
voltages  that  the  portion  of  the 
characteristic  curves  actually  re¬ 
quired  for  design  purposes  is  either 
not  given  or  is  too  small  to  be  of 
any  practical  value. 

This  circuit  can  also  be  used  to 
obtain  a  full  set  of  characteristic 
curves  and  thus  check  the  compar¬ 
ative  performance  of  new’  tubes 
during  manufacture.  The.se  curves 
can  be  photographed  and  used  for 
further  study.  If  small  irregular¬ 
ities  appear  on  the  curves,  that  por¬ 
tion  of  the  curves  on  which  they 
appear  can  be  enlarged  on  the 
.screen  of  the  cathode  -  ray  tube, 
making  it  easier  to  determine  their 
exact  nature. 

Another  application  of  this  cir¬ 
cuit  is  its  use  as  a  lecture-room  or 
laboratory  demonstration  appar¬ 
atus.  It  provides  a  positive  means 
of  demonstrating  w’hat  happens  to 
a  tube’s  characteristic  curves,  and 
con.sequently  to  its  operating  char- 
acteri.stics,  when  element  voltages 
are  varied,  when  degeneration  is 
used,  and  when  various  circuit 
parameters  are  changed. 
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Simple  nomograph  gives  true  voltage  in  high-impedance  circuit  when  measurements  are 
made  with  two  different  voltage  ranges  of  an  ordinary  low-sensitivity  voltmeter.  Under¬ 
lying  equations  for  voltmeter  error  are  given,  with  examples  of  use 


Sik.' 


Measuring  voltages  across 
high  -  impedance  circuits 
with  voltmeters  of  sensitivities  in 
the  order  of  1,000  ohms  per  volt 
will  g^ve  readings  that  are  appre¬ 
ciably  less  than  the  true  voltages. 

The  higher  the  input  resistance 
of  a  voltmeter,  the  lower  will  be 
the  required  deflection  current  and 
hence  the  smaller  the  error.  With 
voltmeters  of  20,000  ohms  per  volt' 
sensitivity  or  greater,  the  error 
is  usually  negligible. 

There  are  many  voltmeters  in 
use  of  the  1,000  and  5,000  ohms  per 
volt  class,  and  frequently  these  are 
the  only  instruments  available  when 
it  is  desired  to  know  the  actual  volt¬ 
age  across  a  circuit. 

The  purpose  of  this  paper  is  to 
provide  an  equation  (suitable  for 
slide  rule  calculations)  and  a  nomo¬ 
graph  (which  only  requires  a 
straightedge)  that  will  quickly  yield 
the  true  voltage  in  a  circuit  after 
two  measurements  are  taken  with  a 
voltmeter  of  low  sensitivity.  The 
only  requirement  of  the  voltmeter 
employed  is  that  the  internal  re¬ 
sistance  of  the  meter  be  directly 
proportional  to  the  voltage  range 
selected.  All  of  the  common  type  of 
current-operated  voltmeters  come 
under  this  classification. 
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The  circuit  shown  in  Fig.  1  rep¬ 
resents  a  voltmeter  with  two  ranges 
connected  to  a  simple  network.  In 
practice,  circuits  are  usually  more 
complex  than  this,  but  they  can  be 
reduced  to  an  equivalent  circuit 
similar  to  that  in  Fig.  1. 

Let  E  ■■  true  voltage  across  A,  with 
voltmeter  disconnected 
Eb  ~  voltage  measured  across  Rn  on 
highest  meter  range  that  will 
give  an  accurate  riding 
El  "■  voltage  measured  across  on 
next  lower  range 
Eo  source  of  constant  voltage 

Rb  internal  resistance  of  voltmeter 

when  measuring  Eh 
Rl  ^  internal  resistance  of  voltmeter 
when  measuring  El 
S  ratio  of  two  scsJes  used; 

S  “  Rb/Rl 

Rn  resistance  across  which  output 
voltage  is  developed 
Rm  —  series  dropping  resistance  that 
accounts  for  difference  in  El, 
Eb,  and  E. 


Derivation  of  Eqvation 

Simple  circuit  theory  allows  us 
to  write 

p  p  _ RnRn _ 

”  RhR„  +  RhR„  +  Rn,Rn 
„  „  Rm  +  Rn  /,v 


^  +  {RmRJRu) 

^  Rm^  Rn+  {RmRn/RL) 

Substituting  SRl  for  Ra  in  Eq.  1 
and  solving  for  E  in  both  equations, 
we  have 

„  „  R„  +  Rn+  (RmRn'SRL) 

*  ■  - iC+R; - ® 

„  „  R.  +  ».  +  (R.R.'Ri. 

^  - rtfr: - 

Rearranging  Eq.  3  and  4 
{Rm  +  Rn){E-  E„)  =  Eb  (5) 

/r>  in\/o  ET\  171  RmRn 


E  =  El 


{Rm  +  Rn){E-  Eb)  =  Eb 


FIG.  1 — Circuit  of  two-range  voltmeter 
used  as  example 


{Rm  +  Rn)  {E  -  El)  =  El 

Dividing  Eq.  5  by  Eq.  6 


SEj.  {E  —  E b)  =  Eb  {E  —  El) 

{S  -  1)  Eb 
"  “  S  -  {Eb/El) 

This  equation  is  particularly  suited 
to  slide  rule  calculations. 

Example  1:  A  voltmeter,  when 
placed  across  two  terminals,  reads 
105  volts  on  its  200-volt  range.  The 
meter  is  switched  to  the  100-volt 
range  and  reads  70  volts.  Divide 
105  by  70  and  subtract  the  quotient 
from  the  scale  ratio  of  2.0.  This 
gives  us  0.5  for  the  denominator. 
It  should  be  noted  at  this  time  that 
when  the  scale  ratio  is  2.0,  the  term 
(S  —  1)  in  the  numerator  equals 
1.0.  Now  divide  105  volts  by  0.5 
and  the  result  is  the  true  voltage 
of  210  volts. 

Example  2:  A  voltmeter  reads  50 
volts  on  its  150-volt  range.  On  the 
60-volt  scale  it  reads  40  volts. 
E„/El  =  50/40  =  1.25.  Subtract 
this  from  the  scale  ratio  of  2.5  and 
the  denominator  equals  1.25.  Divide 
this  into  Eu  (50  volts)  and  multiply 
the  quotient  by  (2.5  —  1)  or  1.5. 
The  true  voltage  is  60  volts. 

Use  of  Nomograph 

Although  this  equation  is  not 
difficult  to  use  when  one  has  become 
familiar  with  it,  still  it  is  less  trou 
ble  and  quicker  to  lay  a  straight 
edge  on  a  nomograph  and  read  the 
unknown  value  directly. 

The  nomograph  presented  in  this 
paper  is  divided  diagonally  into  two 
parts.  Each  half  is  used  in  the  same 
way.  The  graph  was  divided  to  fa 
cilitate  reading  the  four  scales  for 
S  =  5,  2,  4,  and  2.5.  These  values 
of  S  were  chosen  after  26  volt-ohm- 
milliammeters  of  10  manufactur¬ 
ers  were  examined  for  their  most 
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popular  switching  ratios  of  both 
d-c  and  a-c  ranges.  The  favorites 
are  5  and  2,  with  4  and  2.5  used 
least.  The  ratio  of  10  was  used  so 
seldom  that  it  was  not  included  in 
this  nomograph. 

As  in  the  case  of  the  equation, 
the  best  way  to  explain  the  use  of 
the  nomograph  is  with  example 
problems.  To  compare  the  results 
of  the  equation  with  that  of  the 
nomograph,  use  the  same  problems 
as  before. 

Example  1:  Eh  =  105  volts  and 
El  =  70  volts.  Place  a  straightedge 
between  these  values  on  the  Eh  and 
El  scales  for  S  =  2.0  and  let  it  ex¬ 
tend  to  the  E  scale.  The  straight¬ 
edge  will  pass  through  210  volts  on 
the  E  scale,  which  is  the  true  volt¬ 
age.  Note :  This  lower  right  half  of 
the  nomograph  is  also  used  when  S 
=  5.  Since  values  here  are  beyond 
range  of  nomograph,  values  on  all 
three  scales  were  multiplied  by  10. 

Example  2:  Eh  =  50  volts  and 
El  =  40  volts.  This  solution  re¬ 
quires  the  use  of  the  upper  left  half 
of  the  nomograph  since  S  =  2.5. 
Using  the  scales  for  S  =  2.5,  with 
all  scale  values  multiplied  by  10,  the 
true  voltage  is  found  to  be  60  volts 
on  the  E  scale. 

The  equation  and  nomograph  will 
yield  the  true  voltage  only  when  the 
measurements  are  taken  across 
linear  circuits.  Should  lowering  the 
voltage,  due  to  voltmeter  loading, 
change  the  network  resistance,  the 
nomograph  can  not  be  used. 

The  question  arises  as  to  how  well 
the  nomograph  will  apply  to  vac¬ 
uum-tube  circuits.  Placing  a  cur¬ 
rent-operated  voltmeter  between  a 
tube  element  and  ground  will  lower 
the  voltage  on  that  element.  Experi¬ 


FIG.  2 — Voltmeter  looding  nomograph.  Take  voltage  readings  on  two  ranges,  divide 
higher  ronge  scale  by  lower  to  get  S  (either  2,  2.5.  4,  or  5  on  standard  volt-ohm- 
milliammeters).  then  place  straightedge  on  measured  values  {El  and  Eh)  lor  S  scale 
in  question  and  read  true  voltage  on  adioining  E  scale.  11  range  ol  any  scale  is 
inadequate,  multiply  all  scale  values  by  10.  100,  or  any  other  convenient  (actor 


ment  shows  that  when  the  tube  is 
operated  with  fixed  bias  the  ele¬ 
ment  resistance  changes  consider¬ 
ably  with  changes  in  element  poten¬ 
tial  and  the  nomograph  should  not 
be  used. 

When  cathode  bias  is  employed, 
the  reduction  in  voltage  is  accom¬ 
panied  by  a  proportional  reduction 
in  current.  Thus  the  resistance  of 


the  tube  remains  substantially  con¬ 
stant  within  the  normal  limits  of 
operating  voltage  for  the  tube.  In 
this  instance  the  nomograph  may  be 
used,  but  with  reserve.  The  result¬ 
ing  error  is  usually  less  than  5  per¬ 
cent  but  higher  errors  have  been 
encountered.  However,  the  error 
before  using  the  nomograph  was 
in  some  cases  as  high  as  60  percent. 


:tronics 


ELECTRONICS  — Wovember,  1947 


133 


STORING  information  and  timing 
events  are  two  applications  of 
electronics  that  have  recently  be¬ 
come  important.  Electronic  timers 
for  providing  oscilloscope  and  ra¬ 
dar  indicator  sweeps,  and  image 
storage  tubes  that  retain  patterns 
for  protracted  periods  are  familiar 
devices  that  perform  these  func¬ 
tions.  The  mercury  delay  line  is  a 
basic  component  that  also  performs 
these  and  many  related  useful  func¬ 
tions. 

The  line  consists  of  a  column  of 


mercury  in  a  container.  At  one  end 
of  the  column  is  a  quartz  crystal 
that  is  connected  to  the  electrical 
circuit  of  which  the  line  is  a  part. 
Electrical  pulses  from  the  circuit 
vibrate  the  crystal  sending  ultra¬ 
sonic  wave  trains  down  the  mercury 
column.  The  wave  trains  are  re¬ 
flected  at  the  far  end  of  the  line 
and  return  to  the  crystal  where  they 
are  converted  into  electrical  pulses 
and  re-enter  the  circuit.  A  second 
crystal  can  be  used  at  the  far  end 
of  the  line  instead  of  the  reflector, 


or  multiple  reflections  can  be  used. 
The  mercury  delay  line  can  be  used 
in  any  circuit  requiring  delays  of 
hundreds  of  microseconds  with  rise 
times  in  the  order  of  0.05  to  0.1 
microseconds. 

Before  analysing  the  time  delay 
action  of  the  mercury  line,  it  is  well 
to  review  a  few  special  examples  of 
its  applications.  Timing  of  sweeps 
is  one  of  the  first  uses  to  which  the 
mercury  line  was  put.  When  a  re¬ 
peating  time  base,  such  as  that 
used  for  range  measurement  in  ra- 
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This  2-iiich  long  mercury  line  introduces  about  40  microseconds  deloy 


MERCURY  DELAY  LINES 


Mercury  is  used  to  obtain  millisecond  delays  for  radar,  computers,  and  memory 
devices  because  it  transmits  compression  waves  relatively  slowly,  introduces  neg¬ 
ligible  loss,  and  has  an  impedance  comparable  to  that  of  crystal  transducers. 
Recirculation  and  temperature  compensation  techniques  are  presented 


Amplifior  and  goto  for  momory  is  compacUy  constructed  on  chonnel  thot  plugs  into  computer  ior  quick  serricing 
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puter.  The  final  model  will  uae  mercury  lines  in  glass  tubing  about  2-ft  long.  proTiding  384  microseconds  delay 


dar,  is  required,  it  can  be  generated 
by  triggering  a  sweep  oscillator  and 
simultaneously  applying  the  trig¬ 
gering  pulse  to  a  mercury  line.  The 
pulse  traverses  the  line  in  a  certain 


Mercury  lines  are  also  used  for 
storage.  A  pulse  fed  into  the  line 
or  storage  tank  remains  in  it  for 
a  predetermined  period,  dependent 
on  the  length  of  the  mercury  col- 


fixed  time  and  reappears  to  retrig-  umn. 


quired  in  a  subsequent  manipula¬ 
tion.  In  such  cases,  the  signal  that 
is  to  be  re-used,  usually  a  binary 
pulse  sequence,  is  fed  to  the  mer¬ 
cury  memory  tank.  The  line  is  made 
of  a  length  that  will  store  or  delay 
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ger  the  sweep  generator,  and  is 
again  applied  to  the  mercury  line. 
Because  the  mercury  line  always  de¬ 
lays  the  triggering  pulse  for  the 
same  interval,  the  sweep  repeats  it¬ 
self  with  extreme  regularity.  The 
delay  is  proportional  to  the  length 
of  the  mercury  line*. 
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Inasmuch  as  this  storage  func¬ 
tion  is  similar  to  the  mental  proc¬ 
ess  of  remembering,  it  is  referred 
to,  especially  in  connection  with 
automatic  computers,  as  memory. 
In  these  computers  the  result  of  one 
manipulation,  forming  a  portion  of 
an  extensive  computation,  is  re¬ 


the  required  amount  of  signal  until 
the  time  when  it  will  be  re-u.sed  in 
the  computation*. 

Data  Storage  in  Digital  Cempotors 

Experience  with  large  scale  com¬ 
puting  machines  indicates  that  the 
most  important  problem  to  be 
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solved  in  their  design  is  that  of  pro¬ 
viding  high  speed  information  stor¬ 
age.  Moreover,  if  a  suitable  low 
cost  memory  can  be  developed,  all 
information,  both  numerical  data 
and  routine  intruction  may  be 
stored  in  the  same  medium  and, 
,  indeed,  in  the  same  organ.  If  such 
a  memory  were  provided,  the  ques¬ 
tion  of  how  much  problem  and  rou¬ 
tine  storage  must  be  provided  re¬ 
duces  to  the  question  of  how  much 
total  storage  is  required.  In  addi¬ 
tion,  a  single  organ  for  all  storage 
opens  the  possibility  for  the  ma¬ 
chine  to  perform  logical  and  arith¬ 
metical  operations  on  its  own  in¬ 
struction,  thus  greatly  increasing 
its  generality.  The  mercury  line 
provides  such  storage  at  a  cost  of 
approximately  ten  cents  per  binary 
digit.* 


Storing  PmIso  Choini 

The  system  of  storage  used  with 
delay  lines  depends  upon  timed  dis¬ 
tribution  of  the  electrical  impulses 
that  represent  the  information, 
called  time  division  in  communica¬ 
tion  circles.  The  coding  of  the 
pulses  in  this  application  is  of  no 
consequence  except  that  it  is  as¬ 
sumed  that  the  presence  or  absence 
of  the  pulse  are  the  only  indica¬ 
tions  possible  in  each  time  position. 
Figure  lA  shows  a  typical  “word” 
of  five  pulses;  T  represents  the 
pulse  spacing  in  time,  and  p  the 
pulse  width. 

With  information  in  the  form  of 
pulse  chains,  a  possible  method  for 
storing  or  remembering  the  data 
is  to  insert  the  timed  series  of 
pulses  into  a  suitable  delay  medium 
that  requires  a  duration  W  for  one 
pulse  to  traverse  its  length.  Thus 
there  is  trapped  in  the  delay  at  any 
time  W/T  pulses.  If  the  output  of 
the  delay  line  is  fed  back  to  the 
input,  through  suitable  amplifiers 
and  pulse  shaping  circuits,  as 
shown  in  Fig.  IB,  the  data  is 
trapped  and  circulating,  ready  to  be 
called  out  when  needed. 

The  primary  design  limitation  of 
the  delay  storage  line  is  its  high- 
frequency  response  or  rise  time  of 
the  circuits.  For,  clearly,  the 
higher  the  repetition  rate  of  the 
pulses,  in  other  words  the  smaller 
is  T,  the  more  information  can  be 
stored  in  a  given  delay  W.  The  next 


factor  in  importance  is  the  amount 
of  loss  in  the  delay  medium  itself, 
for  loss  limits  the  length  W  that 
can  be  employed.  Along  with  this 
factor,  consideration  must  be  given 
to  overall  physical  size.  Thirdly, 
the  delay  must  be  fairly  constant 
with  such  factors  as  temperature, 
pressure,  and  humidity.  Fourthly, 
it  must  be  possible  to  properly  ter- . 
minate  the  delay  line  to  prevent  re¬ 
flections  from  bouncing  back  and 
forth.  Finally,  it  should  be  possible 
to  build  the  device  relatively  easily 
and  cheaply  and  yet  have  a  rugged, 
reliable  piece  of  equipment.  The 
mecury  line  satisfactorily  meets 
all  of  these  requirements. 

Ultrasonic  Delay  Lines 

Mercury  is  used  as  the  transmis¬ 
sion  medium  for  several  reasons. 
Being  a  liquid  it  has  a  relatively  low 
acoustic  velocity  and  also  will  trans¬ 
mit  only  one  mode  of  vibration. 
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FIG.  1 — For  use  with  delay  lines,  informa¬ 
tion  is  in  the  form  of  pulse  chains  (A). 
These  chains  can  be  recirculated  (B) 
through  gates  and  the  line  so  as  to  be 
stored  as  long  as  necessary.  To  compen¬ 
sate  for  temperature  effects  on  the  mercury 
lines,  a  timing  oscillator  (C)  con  be  fre¬ 
quency  controlled  by  on  auxiliary  line,  the 
output  being  used  to  time  pulses  to  the 
bonk  of  mercury  memories 


namely  compressional  waves.  More¬ 
over,  the  acoustic  impedance  of 
mercury  -is  high,  of  the  same  order 
of  magnitude  as  that  of  quartz  and 
other  crystals  suitable  for  use  as 
electromechanical  transducers  at 
high  frequencies,  so  that  adequate 
coupling  can  be  obtained.  Mercury 
also  has  low  attentuation  per  unit 
length  up  to  frequencies  in  the 
order  of  ten  megacycles. 

Compressional  acoustic  velocity 
in  any  medium  is  F=(£7/p)*  where 
E  is  Young’s  modulus  and  o  is  den¬ 
sity.  For  mercury  at  20  C,  the 
velocity  of  the  wave  is  57,100  in. 
per  sec,  corresponding  to  a  time 
defay  of  17.52  microsec  per  in. 
Acoustic  impedance  of  any  medium 
is  Z=pV,  giving,  for  mercury  at 
20  C,  19,700  acoustic  ohms  per 
square  cm.  The  attenuation  of  a 
rectangular  pulse  of  0.25  to  0.5  mi¬ 
crosec  duration  applied  at  the  driv¬ 
ing  crystal  is  1.9  db  per  ft.  meas¬ 
ured  at  20  C.  The  attenuation  for 
sinewaves,  including  wall  effects  of 
0.5  in.  inside  diameter  tubing,  is 
0.012/*  db  per  ft.  where  /  is  meas¬ 
ured  in  megacycles.  The  tempera¬ 
ture  coefficient  of  time  delay  is 
0.0003  microsec  per  microsec  per 
deg  C. 

A  delay  line  designed  from  these 
parameters  and  suitable  for  storing 
40  pulses  spaced  one  microsecond 
apart  was  built  in  a  2-in.  piece  of 
stainless  steel  tubing  0.5-in.  inside 
diameter.  Knurled  caps  at  each 
end  hold  the  end  cell  assemblies  in 
place.  These  end  cells  consist  of 
7.5-mc  X-cut  circular  quartz  crys¬ 
tals  each  soldered  to  ceramic  end 
pieces  to  which  the  leads  are  sol¬ 
dered.  The  rise  time  on  the  line  is 
limited  by  the  time  thickness  of  the 
crystal  driver  and  is  about  1/30 
microsec. 

There  are  two  principal  sources  of 
loss :  a  voltage  loss  of  400  resulting 
from  the  limitations  of  the  piezo¬ 
electric  effect,  and  a  transmission 
loss  in  the  mercury,  which  is  negli¬ 
gible  for  this  short  line.  Because 
a  gain  of  slightly  over  400  is  fairly 
easily  achieved  even  at  these  fre¬ 
quencies  by  means  of  electron  tube 
amplifiers,  the  losses  are  not  very 
important. 

Although  the  delay  through  mer¬ 
cury  depends  on  temperature,  vari¬ 
ations  from  that  factor  are  very 
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CINCH  MANUFACTURING  CORPORATION 

2335  WEST  VAN  BUREN  STREET  •  CHICAGO  12.  ILLINOIS 


CINCH  WAFER  LOKTAL  No.  6933  is  made  of  laminated 
bakelite  with  sturdy  and  positive  grip  contacts.  8  prongs 
— brass  solder  coated  center  guide  clip  with  locking 
spring.  Engineering  data  on  this  page  for  dimensions. 

CINCH  MOLDED  LOKTAL  Socket  No.  6972  has  steel 
mounting  saddle  with  solder  coated  brass  contacts;  molded 
from  high  dielectric  block  bakelite,  and  mounts  in  1 "  chas¬ 
sis  hole.  It  has  tinned  steel  center  guide  clip  and  saddle. 
See  engineering  data  on  this  page  for  dimensions. 

A  variety  of  CINCH  LOKTAL  Sockets  are  available, 
including  plain  laminated,  saddle  laminated,  molded 
saddle  and  chassis  clirtch  and  ring  mount.  For  samples 
or  further  information,  write 
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quency  control  unit  for  this  pur]  ose 
is  shown  in  Fig.  1C.  A  1.0-mc  os¬ 
cillator  is  tuned  by  a  reactance  tube 
whose  control  voltage  is  obtained 
from  the  coincidence  of  a  pulse 
from  a  dividing  counter.  A  single 
pulse  is  delivered  to  the  tank  when 
the  counter  starts  counting  the 
pulses  that  are  coming  from  the 
oscillator. 

For  storing  N  pulses  in  a  tank, 
one  uses  a  tank  of  NT  length  at  a 
given  temperature  and  an  N-stage 
counter.  In  this  case  N  is  1,000 
and  T  is  1  microsec  at  20  C.  At  the 
end  of  1,000  microsec  the  pulse 
emerges  from  the  tank  and  the 
l,(JOOth  pulse  leaves  the  counter. 
These  two  pulses  are  fed  to  a  coin¬ 
cidence  tube  whose  output  voltage 
is  used  to  control  the  frequency  of 
the  oscillator  and  hence  the  pulse 
spacing  is  adjusted  to  keep  1,000 
pulse  spaces  available  in  a  similar 
tank  at  similar  temperature. 

The  temperature  compensating 
system  has  been  set  up  in  the  lab¬ 
oratory  and  has  proved  capable  of 
control  over  a  temperature  range  of 
45  C.  All  the  tanks  are  kept  within 
=t:0.3  C  by  mounting  them  all  on 
a  thermally  conductive  base  that 
prevents  sizable  thermal  potential 
differences  between  them.  Also, 
care  in  placing  the  memory  cabinet 
will  remove  thermal  sources  and 
sinks. 

The  mercury  delay  memory  tank 
appears  to  be  such  a  promising  de¬ 
vice  that  plans  at  the  Moore  School 
include  a  future  large  scale  digital 
computer  using  this  memory  means. 
It  is  hoped  that  within  a  year  such 
a  machine  will  be  an  actuality;  a 
machine  that  will  have  a  high  speed 
memory  equivalent  of  1,000  ten¬ 
digit  numbers,  computing  speeds 
somewhat  faster  than  the  ENIAC, 
and  employing  only  8,000  tubes.  The 
mercury  delay  tank  described  in 
this  paper  is  the  result  of  many 
peoples’  efforts.  Among  those 
whose  contributions  are  known  to 
the  author  are  J.  P.  Eckert,  Jr.,  J. 
W.  Mauchly,  C.  B.  Sheppard,  Joseph 
Chedaker,  and  Herman  Lukoff. 
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small,  one  part  in  3,000  per  deg  C.  The  waveshapes  at  various  points 
The  quartz  crystal  matches  the  im-  throughout  the  experimental  cir- 
pedance  of  the  mercury  very  cuit  are  also  shown  in  Fig.  2.  A 
closely,  giving  a  reflection  coeffi-  group  of  three  pulses  is  sent  into 
cient  of  only  12  percent.  The  the  tank  (A).  The  standard  clock 
quartz-ceramic  match  is  practically  pulses  (B)  coincide  with  the  three 
perfect,  and  in  addition,  the  ceramic  stored  pulses  to  produce  pulses  (C) 
end  pieces  are  cut  at  an  angle  to  that  drive  the  packet  generator, 
break  up  the  back  wave  eliminating  The  output  of  the  generator  (D) 
its  reflection.  The  construction  of  traverses  the  mercury  line  and  is 
the  line  is  simple  and  straightfor-  amplified  giving  pulses  (E)  that 
ward,  as  this  brief  description  indi-  are  rectified  and  re-enter  the  gating 
cates.  circuit.  The  pulses  are  then  ready 

to  be  relocked  (F)  or  they  can  be 
drawn  out  of  the  tank  (G)  as  re- 
Figure  2  shows  a  complete  unit  membered  data.  (The  time  base  of 
as  set  up  in  the  laboratory;  This  the  output  pulses  (G)  is  to  a  differ- 
circuit  held  groups  of  pulses  for  ent  scale  than  the  others  so  to 
as  long  as  three  days,  after  which  show  several  groups  of  three  pulses 
the  pulses  were  cleared  out  for  con-  spaced  40  microsec  apart,  illustrat- 
venience.  The  pulses  applied  to  ing  the  storage  of  several  pulse 
the  transmitter  crystal  (D)  are  groups.) 
packets  of  7.6-mc  waves  about  0.3 
microsec  long.  These  packets  travel 
down  the  line,  are  picked  up  by  the 
receiving  crystal,  and  amplified. 

The  packets  are  then  rectified  by  a 
germanium  crystal  and  the  pulse 
envelope  again  amplified  to  a  level 
sufl9cient  to  operate  the  recircula¬ 
tion  gate  tube  and  the  output  gate 
tube.  The  pulses  then  proceed 
through  an  inverter  tube  to  the 
clocking  or  synchronizing  gate  tube. 

Here  coincidence  with  a  standard 
synchronizing  pulse  each  microsec¬ 
ond  produces  a  standard  pulse  at  a 
fixed  time  that  drives  the  7.5-mc  os¬ 
cillator  or  packet  generator,  start¬ 
ing  a  new  cycle.  The  clocking  is 
very  important  because  it  keeps 
the  pulses  in  step  as  well  as  pre¬ 
venting  degeneration  of  the  pulses 
over  a  number  of  circulations. 


Auillary  CIrcait* 


Taaiparatara  CeaipaRtatioR 

Because  direct  transmission 
losses  in  the  mercury  column  are 
small,  it  would  seem  feasible  to 
extend  the  length  of  the  line  to 
hold  many  more  than  40  pulses.  The 
major  practical  limitation  to  this 
extension  is  that  of  delay  variations 
with  temperature.  With  a  ±0.1 
microsec  tolerance,  a  tank  1,000  mi¬ 
crosec  long  would  have  to  be  kept 
within  ±0.8  C.  To  keep  a  group 
of  tanks  at  a  temperature  fixed 
within  these  limits  is  a  difficult, 
though  not  impossible,  job. 

If  a  tank  is  used  to  establish  the 
frequency  of  the  pulses,  in  other 
words — their  spacing,  it  becomes 
necessary  only  to  keep  all  tanks  at 
the  same  temperature  ±0.3  G.  A 
block  diagram  of  an  automatic  f re¬ 


el)  L.  N.  Ridenour,  "Radar  System  Engi¬ 
neering”,  McOraw-Hill  Book  Co.,  p  667, 
New  York,  1947. 

(2)  Mercury  Memory  Tanks  in  New 
EDVAC  Computer,  Electbonics,  p  168, 
May,  1947. 
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Check  ALL  These  Features: 
. . .  We  Do ! 

Both  from  the  engineering  and  manufacturing  standpoints, 
Mallory  carbon  controls  are  designed  to  give  you  more  for 
your  money— more,  actually,  than  you  can  get  from  any  other  make. 
Rigid  factory  check-ups  make  sure  that  you  get  it.  They  reject  the 
controls  that  don’t  measure  up-rokay  the  ones  that  do.  . 


It’s  a  fact  that  no  other  carbon  controls  offer  so  many  features— a 
fact,  too,  that  none  are  subjected  to  more  severe  tests  to  make  certain 
they  reach  you  without  impairment.  Long  life,  low  noise  level,  low 

susceptibility  to  humidity  exposure,  are 
I  just  a  few  values  you  expect  and  get  when 

I  I  fuimi  tmfWM  I  jl  your  carbon  controls  are  made  by  Mallory. 

1  I  il  Send  for  the  booklet  illustrated  at  left. 


Only  Mallory  Carbon 
Controls  Offer  All  This: 

Low  ”Hop-Off  ”  Resistance 

Minimum  Short-Out  Resis¬ 
tance 

Smooth-Operating  Mallory 
Alloy  Contactor 

High  Humidity  Resistance 
Low  Noise  Level 

Extremely  Accurate  Taper 
Construction 

Non-Distorting,  Non-Loosen¬ 
ing  Assembly  Construction 

Spring  Pressure  Terminals, 
Smooth  Bearing  Surfaces, 
Mallory  Alloy  Spring  Con¬ 
tact  Arms,  Self-Lubricating 
Elements — all  contributing 
to  longer  life. 


ystem  En?i 


fuU  data,  intiudinn  charts  and 
d'  liivingt,  on  tho  complete  Mallory 
line  of  carbon  and  wire-tcound 
tiiriabU  resistors. 


I  RESISTORS 
(FIXED  AND  VARIABLE) 
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Electroni<»illy  Controlled  Permanent  Wave  Machine 

By  Eugene  W.  Nelson 
Detroit,  Michigan 


An  electronic  permanent  wave  in  the  operation  of  beauty  salons 
machine,  known  to  the  beauty  cul-  and  promises  better  service  to  the 
ture. trade  as  the  Flash  Wave,  is  customers. of  these  shops.  The  ma- 
said  to  effect  important  economies  chine  and  the  permanent  wave  solu- 
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CONTACTOR 
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IBMCe: 


HEATERS 


Timer  circuit  ior  automatic  control  of  heat  from  the  permanent  wore  machine 


Electrically  controlled  Flash  Wore  in  use.  The  box  on  top  of  cabinet  contains  the  elec¬ 
tronic  controls  of  the  machine  made  by  Vernon  Mfg.  Company.  lohnstown.  Po. 


tion  used  with  it  for  waving  hair 
are  the  products  of  seven  years  of 
research  and  testing. 

Sixty-cycle  current  from  the  line 
is  stepped  down  to  12  volts  at  about 
35  amperes  and  is  applied  to  the 
lightweight  insulated  plastic  “heat¬ 
ers”  in  which  are  placed  the  pre¬ 
pared  curls  of  hair.  Control  of  the 
heating  current  is  done  by  an  elec¬ 
tronic  circuit  which  offers  a  com¬ 
pletely  automatic  means  of  utilizing 
the  advantages  of  high  heat  with¬ 
out  the  danger  of  over-processing 
the  hair  as  would  be  the  case  with¬ 
out  such  controls.  Its  circuit  is 
shown  in  the  diagram. 


Steam-Heated  Curl 


The  heaters  used  with  the  Flash 
Wave  machine  are  closed  at  each 
end.  Thus  the  steam  which  is  in¬ 
stantaneously  generated  by  the  in¬ 
tense  shot  of  heat  acting  on  the 
permanent  wave  solution  with 
which  each  curl  of  hair  is  treated 
is  retained  (under  negligible  pres¬ 
sure)  around  the  curl. 

Conventional  permanent  wave 
machines  apply  heat  much  more 
slowly  than  does  the  Flash  Wave. 
Thus,  the  steam  inside  the  individ¬ 
ual  heater  is  generated  more  slowly 
than  in  the  electronically-controlled 
machine  and  the  moisture  created 
by  vaporization  of  the  wave  lotion 
is  dissipated  almost  as  rapidly  as 
it  is  formed.  Consequently,  the  hair 
may  dry  out  and  become  brittle. 
In  addition,  most  of  the  heaters 
used  on  conventional  machines  are 
open  at  each  end,  instead  of  being 
closed  as  in  the  Flash  Wave.  The 
open  ends  help  the  drying  process. 

Application  of  Flash  Wave  heat 
to  the  hair  lasts  from  as  little  as 
5  seconds  to  as  much  as  20  seconds. 
Actual  duration  of  the  heat  depends 
upon  condition  of  the  hair.  Nor¬ 
mal  hair  requires  a  shot  of  heat 
lasting  from  7  to  10  seconds. 

After  the  proper  application  time 
has  been  determined  by  a  test  curl, 
the  electronic  controls  are  set  and 
connection  is  made  to  each  heater. 
The  machine  is  also  equipped  with 
safety  devices  which  prevent  any 
current  from  flowing  unless  all 
parts  of  the  apparatus  are  func¬ 
tioning  perfectly. 

Reports  from  the  field  indicate 
that  six  permanent  waves  can  be 
given  in  a  single  hour  with  this 
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tiere’s  a  happy  combination  of  materials  that  will  solve 
your  problem.  Dieflex  tubings  and  sleevings  of  braided 
glass  fiber  are  impregnated  with  heat-defying  Silicone.  The 
result  is  an  insulating  product  that  will  stand  unusually 
high  temperatures  for  long  periods  of  time.  You  can  use 
it  confidently  where  other  products  have  failed. 

EHeflex  tubings  and  sleevings  in  all  VTA  and  ASTM 
grades  are  carefully  manufactured  to  help  solve  your 
insulation  problems.  Whether  the  base  is  braided  cotton 
or  inorganic  glass  fiber,  you’re  sure  of  a  continuously  high 
standard  of  quality  that  insures  the  best  performance  in 
your  product. 


DIEFLEX  PRODUCTS  LIST 

MADE  WITH  BRAIDED  COTTON  SLEEVING  BASE— VTA 
Grade  A-1  Magneto  Grade  Varnished  Tubings  —  VTA 
Grade  B-1  Standard  Grade  Varnished  Tubings — VTA 
Grades  C-1  and  C-3  Heavily  Coated  Saturated  Sleov- 
ings— VTA  Grade  C-3  Lightly  Coated  Saturated  Sleev¬ 
ings— Heavy  Wall  Varnished  Tubings  and  Saturated 
Sleevings. 

MADE  WITH  BRAIDED  GLASS  SLEEVING  BASE  —  VTA 
Grade  A-1  Magneto  Grade  Varnished  Fiberglas  Tub¬ 
ings— VTA  Grade  C-1  Extra  Heavily  Saturated  Fiber¬ 
glas  Sleevings  — VTA  Grade  C-2  Heavily  Saturated 
Fiberglas  Sleevings — VTA  Grade  C-3  Lightly  Saturated 
Fiberglas  Sleevings  —  Silicone-Treated  Fiberglas  Var¬ 
nished  Tubings  and  Saturated  Sleevings.  > 
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A  SOLUTION  to  the  problem  of  mixing  the  outputs  of  up  to  nine 
different  sound  channels  while  watching  a  slidehlm  or  motion 
picture  in  a  darkened  projection  room  is  pictured  on  this  month’s 
cover.  Taken  at  Reeves  Sound  Laboratories,  New  York  City,  it 
shows  their  new  recording  console  that  can  accommodate  up  to  four 
persons  without  crowding,  as  required  for  introducing,  combining, 
and  fading  out  narration,  background  music,  and  sound  effects 
smoothly  at  precisely  correct  instants  during  production  of  the  final 
sound  track  or  master  record. 

For  each  channel  there  is  a  mixer  control,  linked  to  a  numbered 
tape  indicator  on  the  volume  indicator  panel  so  that  the  operator 
can  see  at  a  glance  the  level  settings  of  all  channels  and  can  set  each 
channel  to  the  precise  level  called  for  on  the  cue  sheet.  Each  channel 
has  twin  equalizer  controls  to  permit  accentuation  or  attenuation  of 
low  and  high  audio  frequencies  separately.  Switch-controlled  twin 
filters  provide  varying  low  and  high-frequency  cutoff  over  a  wide 
range  as  required  for  such  unusual  effects  as  simulating  telephone 
conversations  or  the  tone  of  an  old  orthophonic  phonograph.  Selec¬ 
tive  volume  compression  controls  operate  on  a  split-channel  basis 
to  permit  nondiscriminative  compression  adjustments.  Twin 
master  mixer  potentiometers  are  provided  for  split-channel  opera¬ 
tion.  Remote  indicators  for  all  mixer  controls  are  illuminated  from 
the  rear  in  such  a  way  as  to  show  red  when  the  mixer  is  keyed  off ; 
operation  of  the  mixer  key  changes  the  illumination  from  red  to 
white,  and  the  white  illumination  increases  in  intensity  as  the  mixer 
control  is  advanced. 

One  of  the  two  volume  indicators  is  a  conventional  illuminated- 
scale  high-speed  type  reading  in  vu,  while  the  other  is  a  unique 
cathode-ray  instrument  that  shows  on  its  screen  a  duplicate  of  the 
actual  sound  track  as  it  is  being  recorded.  Distortion  and  track 
modulation  are  thus  indicated  to  the  operators  at  all  times. 

All  static  sound  channel  units  are  remotely  located.  Elimination 
of  preamplifiers  in  this  way  insures  prevention  of  objectionable 
microphonic  noise  during  recording. 

An  illuminated  footage  counter  on  the  panel  furnishes  an  exact 
check  on  film  position  and  length,  allowing  the  mixer  operator  to 
record  vital  timing  cues  on  his  mixing  script.  Side  panels  for  the 
film  editor  and  director  have  similar  footage  counters.  Fluorescent 
strip  lamps  on  the  console  provide  ample  illumination  of  controls 
when  the  room  is  darkened  for  projection. 


t;  -  CONTROL 

t  ■  >  O^NEL  , 

1  ,-09  ‘1 

START  BUTTON  j 

TIMER  ADJUST 

ON  OFF 
SWITCH 

Block  diagram  ol  the  electronically  coij- 
trolled  permanent  ware  machine 

electron  ically-controlled  mach  ine. 
In  addition,  there  is  almost  no 
heat  dissipated  to  either  cuatonipr 
or  operator;  heaters  can  be  re¬ 
moved  immediately  after  appliea- 
tidh  of  heat  with  no  time  wasted 
in  cooling  before  removal;  and  op¬ 
eration  requires  no  special  training 
on  the  part  of  an  operator  who  is 
already  experienced  in  standard 
techniques  of  giving  permanent 
waves. 


Tracking  the  Permeability* 
Tuned  Circuits 

By  a.  W.  Simon 

Asniatant  Profeaaor  of  Applied  Mechanics 
Washington  I’nireraitg 
dt.  Ijoiiia  Mo. 

In  a  previous  article’*  the  author 
has  given  simple  formulas  for  the 
calculation  of  the  padder  and  trim¬ 
mer  coils  required  to  reduce  to  a 
minimum  the  mistracking  between 
the  oscillator  and  r-f  sections  of 
permeability  -  tuned  superhetero¬ 
dyne  receivers.  By  the  application 
of  these  formulas,  the  maximum  de¬ 
viation  due  to  mistracking  between 
sections  can  be  reduced  usually  to 
less  than  1  db. 

There  is  another  cause  of  mis¬ 
tracking,  namely,  the  reactance  cou¬ 
pled  into  the  r-f  section  by  the  an¬ 
tenna  circuit.  While  the  effect  of 
this  reactance  is  not  serious  in  the 
case  of  a  rod  or  wire  antenna,  it 
becomes  quite  marked  for  the  now 
widely  used  loop  antenna,  due  to 
the  higher  degree  of  coupling  used. 
However,  the  reasoning  which  un¬ 
derlies  the  deduction  of  the  above 
mentioned  formulas  also  suggests 
how  the  effect  of  the  antenna  cir¬ 
cuit  can  be  neutralized. 

The  basic  principle  of  the  perme¬ 
ability-tuned  circuit  is  that  the 
inductance  of  the  respective  ganged 

(continued  on  p  ISi) 
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Western  Ei 

NOISE  ANAI 


. . .  for  noise  measurements  and  analysis 
. . .  for  acoustic  testing  and  inspection 


These  sturdy,  portable  units  give  you  a  simple,  reliable  means 
to  measure  the  magnitude  and  general  frequency  composition 
of  noise,  where  a  detailed  analysis  of  the  noise  into  specific  fre> 
quency  components  is  not  required. 

The  RA-361  (battery  operated)  and  RA-362  (a-c  line  oper¬ 
ated)  each  consists  of  a  sound  level  meter  unit  and  a  filter  set. 
The  filter  set  permits  you  to  select  any  one  of  13  high  pass  or 
13  low  pass  filters  at  approximately  octave  spacing,  or  the 
octave  bands  between  the  high  and  low  pass  sections. 

A  Western  Electric  633A  non-directional  moving  coil  micro¬ 
phone  is  provided.  You  may  also  order  an  RA-355  vibration 
pick-up  for  measurement  of  vibrations  not  accompanied  by 
noise. 

because  of  their  filter  sets.  Western  Electric  Noise  Analyzers 
arc  ideal  for  many  production  testing  applications  where  sound 
level  meters  cdone  are  of  little  value.  For  full  information,  call 
your  Graybar  Representative,  or  send  the  coupon. 


-QUALITY  COUNTS- 

••fKft  m  ei  »tHi<i»ai  citns  I 


ELECTRONICS  — Norembcr,  1947 


SEND  FOR 
THIS 

BULLETIN 

TODAY! 


Graybar  Electric  Company 

420  Lexington  Ave.,  New  York  17,  N.  Y. 

Plea$e  send  me  Bulletin  J-2260-B  on 
Electric  Noise  Analyses. 


Western  | 


Company- 
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Electron  Linear  Accelerator  Demonstrated 


A  3-lt  long  woroguide  lined  with  gold-plated  dislu,  which  retards  4-cm  microwaves 
to  a  Telocity  equal  to  that  oi  the  injected  electrons,  accelerates  electrons  to  within 
99  percent  of  the  iree-space  speed  of  electromagnetic  wares,  giving  the  electrons  an 
apparent  moss  2.000  times  their  rest  moss  and  on  energy  of  1.5  mev.  The  electrons, 
traveling  with  the  wove,  are  accelerated  by  its  potential  gradient  The  accelerator, 
described  by  Dr.  William  W.  Hansen  (left)  at  the  IRE  west  cocist  convention,  is  to  be 
extended  to  20  ft  in  the  basement  oi  the  Microwave  Laboratory  at  Stanford  University. 
This  sixe  presents  no  problem  in  shielding  against  radioaetivity,  and  will  provide 
experience  for  building  the  final  100  to  200-ft  model  that  will  develop  1,000  mev 
electrons.  The  accelerator  will  make  available  artificial  cosmic  rays  corresponding 
to  fairly  energetic  natural  rays,  and  thus  simplify  investigations  now  conducted  in 
flying  laboratories.  The  accelerator  is  excited  for  a  millionth  of  a  second  every  six¬ 
tieth  of  a  second  from  a  one-megawott  magnetron.  It  is  hoped  that  the  final  model 
con  use  1,000  megawatts.  This  accelerator  is  simpler  and  cheaper  than  a  synchrotron, 
and,  using  light-weight  electrons  instead  of  heavy  protons  os  in  cyclotrons,  can  pro¬ 
duce  higher-velocity  particles,  with  which  much  information  about  the  constitution  of 
the  electron  con  be  gained.  Dr.  E.  L.  Ginston.  of  the  physics  department  faculty,  cmd 
postgraduate  students  in  physics,  William  Kennedy  (center)  and  Richard  Post  (operat¬ 
ing  controls),  ore  assisting  in  the  development  thot  is  being  sponsored  by  the  Office  of 

Novd  Reseorch 


Culturing  Crystals 


Pilot  production  paved  the  way  for  quan¬ 
tity  culturing  of  synthetic  piesoelectric 
crystals 


Piezoelectric  crystals,  artificially 
cultured  by  Western  Electric  Co. 
using  techniques  developed  by  Bell 
Telephone  Labs,  will  replace  about 
90  percent  of  the  natural  quartz  in 
the  telephone  system  in  a  few  years. 
The  artificial  crystals,  ethylene 
diamine  tartrate,  although  differing 
chemically  from  natural  quartz,  are 
piezoelectric  and  so  are  cut  into 
plates  and  gold  coated  to  form  crys¬ 
tal  filters.  (Synthetic  piezoelectric 
crystals  for  sonar,  developed  during 
the  war  to  meet  the  tremendous 
need  for  transducers,  were  ammo¬ 
nium  dihydrogen  phosphate.)  In 
commercial  production,  the  artifi¬ 
cial  crystals  weigh  about  a  pound, 
are  six  inches  long,  and  two  by  three 
inches  in  cross  section.  Seeds  of 
crystals,  about  a  third  of  an  inch 
across,  are  first  grown  by  evapora¬ 
tion  of  a  saturated  solution  of  the 
chemical.  The  seeds  are  then  con¬ 
stantly  slowly  washed  by  a  super¬ 
saturated  solution,  the  temperature 
being  kept  within  a  tenth  of  a  de¬ 
gree.  With  this  production  tech¬ 
nique  a  crop  of  crystals  can  be  har¬ 
vested  every  three  months. 


Improvements  in  Small 
Tubes 

Compact,  mechanically  dependable 
electronic  equipment  requires  small 
tubes  of  exceptional  characteristics. 
Recent  developments  have  produced 
smaller  and  less  microphonic  tubes. 
For  example,  the  Victoreen  Instru¬ 
ment  Co.  has  changed  the  construc- 
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FM  SIGNAL  GENERATOR 

Type  202"B  S4-21S  me 

Additional  coverage  from  0.4^25  me. 
with  accessory  UNIVERTER  Type  203-B 


Shown  obovo  it  an  intorior  viow  of  Hio  202-a  Signal  Oonorofor  RF 
attombly  with  thioM  covor  romovod.  Hoavy  aluminum  catNngt  form 
Iho  mounting  boto  of  this  RF  unit  rotuHing  in  a  compact  and  highly 
rigid  ttructuro.  Oirdor  typo  condontor  framo  construction,  muMpIo 
rotor  shaft  grounding  contacts,  and  woldod  intorstago  shiold  plotos 
aro  but  a  fow  of  tho  many  dotign  foaturos  of  this  unit  which  givo 
addod  circuit  stability. 


Designed  to  meet  the  exacting  requirements  set  forth  by  leading  FM  and  television 
engineers  throughout  the  country,  the  202-B  FM  Signal  Generator  has  found  widespread 
acceptance  as  the  essential  laboratory  instrument  for  receiver  development ,  and 
research  work. 

Froguoncy  covorago  from  54  to  216  mogacyclos  a  rotary  typo  switch  for  oithor  omplitudo  or  fro- 

is  providod  in  two  rangos,  54  to  10S  mogacyclos  guoncy  modulation. 

and  10S  to  216  mogacyclos.  A  front  panol  modu-  yho  calibratod  piston  typo  ottonuotor  has  a 

lotion  motor  having  two  doviation  scolos,  0-«0  vohago  rango  of  from  0.1  microvoH  to  0.2  voH  and 

kilocyclos  and  0-240  kilocyclos,  pormHs  accurato  |,  tfandordisod  by  moons  of  a  front  panol  output 
modukrtion  sottings  to  bo  mado.  monHor  motor. 

Although  fundamontally  an  FM  instrumont,  am-  Xho  output  impodanco  of  tho  insirumont,  at  tho 

plitudo  moduloMon  from  soro  to  50%,  with  motor  |•rminals  of  tho  R.F.  output  coblo,  is  26.5  ohms, 

calibrations  at  30%  and  50%,  has  boon  incor- 

olfors  Incroosod  vorso-  AVAILABLE  AS  AN  ACCESSORY 

tility  ond  prpvid«t  o  mpons  by  which  timulfonpous 

froguoncy  and  amplitudo  modulation  moy  bo  Univortor,  a  unity  gain  froguoncy  con- 

obtainod  through  Iho  uso  of  an  oxtomal  audio  vortor  which,  in  combination  with  tho  202-B  instru- 
otcillator.  mont,  providos  tho  additional  covorago  of  commonly 

usod  intormodiato  and  radio  froguoncios. 


Tho  intomal  AF  oscillalor  has  oight  modulation 
froguoncios  ranging  from  50  cyclos  to  1 5  kilocyclos, 
any  ono  of  which  may  bo  convoniontly  soloctod  by 
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BOONTON  RADIO 

ONTON  •  N  J •  U  S  A-  V  ^ 


R.F.  Rango:  0.4  me.  to  25  me. 

R.F.  Incromont  Dial:  ^250  kc.  in  10  kc. 
incromonts. 

R.F.  Output:  0.1  microvolt  to  0.1  voH.  Also 
approximotoly  2  volts  maximum  (un- 
calibralod). 

For  further  inhrmafion  writ*  hr  Catahg  C 


Type  203-B 


OCSICNERS  AND  MANUFACTURERS  OF  THE  METER  .  .  .  QX-CHECKER  .  .  .  FREQUENCY  MOOUIATEO  SIGNAL 
generator  .  .  .  BEAT  FREQUENCY  GENERATOR  .  .  .  AND  OTHER  DIRECT  MAOING  TEST  INSTRUMENTS 
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FIG.  3 — Diode  microtube  illustrates  extreme 
reduction  in  size  possible  for  tubes 


FIG.  1 — Triode  in  T4  bulb  compares  in  die  to  cigarette;  diode  in  T>1  bulb  Is 
approximately  the  some  diameter  as  a  wooden  match;  triode  ot  center  in  T-2  bulb 


One  of  the  limitations  to  uniform¬ 
ity,  life,  and  cheapness  of  tubes  is 
the  unpredicability  of  electron  emis¬ 
sion  from  cathodes  and  other  ele¬ 
ments  within  the  tube  envelope.  Al¬ 
though  the  exact  mechanism  of 
cathode  emission  of  electrons  is  not 
understood,  it  is  recognized  that 
such  impurities  in  the  base  nickel  as 
iron,  carbon,  silicon,  and  manganese 
affect  the  emission.  The  matter  is 
so  important  that  the  American 
Society  for  Testing  Materials  has 
created  a  special  committee  with 
industry  wide  representation  to 
study  the  problem. 

To  obtain  quantitative  data  on 
the  effect  of  any  one  impurity,  tube 
manufacturers  are  applying  stasti- 
cal  techniques  to  large  samplings  of 
their  outputs.  The  NBS  Tube  Lab¬ 
oratory,  on  the  other  hand,  is 
attacking  the  problem  in  the  labora¬ 
tory  by  controlled  syntheses.  Impur¬ 
ities,  singly  or  in  combinations,  are 
deposited  directly  on  the  base  nickel 
in  measured  quantities,  thus  isolat¬ 
ing  the  variables  for  investigation. 

Preliminary  studies  are  encour¬ 
aging,  but  not  conclusive  thus  far. 
Other  research  at  the  Tube  Lab.  is 
directed  toward  preventing  gas 
cleanup  in  high-cu.^rent  industrial 
relay  and  rectifier  tubes.  Appar¬ 
ently  the  major  part  of  the  cleanup 
in  low  pressure  (3  to  10  microns) 
gas  tubes  is  caused  by  ions  reaching 
the  anode  at  sufficiently  high  veloc¬ 
ities  to  penetrate  into  the  material. 
The  gas  can  be  driven  from  the 
anode  by  heating  it. 

Microphonic  disturbances  are  an¬ 
other  limitation  to  the  operation  of 


tion  of  their  VX-41  subminiature 
electrometer  tube  (Electronics,  p 
106  March  1947)  so  that  it  is  less 
microphonic  and  thus  more  widely 
applicable  than  heretofore.  This 
tube,  requiring  12.5  milliwatts  of 
heating  power,  has  a  grid  current  of 
less  than  10‘“  ampere  and  a  grid, 
input  resistance  greater  than  10" 
ohms  and  yet  is  sufficiently  stable 
to  be  used  in  d-c  amplifiers  and  port¬ 
able  equipment. 

Where  power  drain  is  not  limited 
but  space  is,  indirectly  heated  sub¬ 
miniature  tubes  (Electronics,  p 
154  May  1946)  can  be  used.  These 
tubes,  using  the  button  stem,  are 
being  made  by  Sylvania  Electric 
Products  in  a  variety  of  t3T)es  in  the 
T-3  bulb,  some  types  in  a  T-2  bulb, 
and  a  diode  in  a  T-1  bulb  (SN-946) 
having  the  characteristics-  of  half  a 
6AL5  is  under  development  (avail¬ 
able  under  allocation).  Figure  1 
shows  the  relative  sizes  of  these 
tubes. 

Although  these  tubes  represent 
the  smallest  size  available  in  any 
quantity,  the  Tube  Laboratory  of 
the  National  Bureau  of  Standards 
has  developed  an  even  smaller  ex¬ 
perimental  microtube  shown  in  Fig. 
2.  This  tube,  scaled  down  from  a 
conventional  subminiature  type  by 
successive  simplifications,  is  a  devel¬ 
opment  of  the  basic  and  applied  re¬ 
search  program  on  vacuum  tubes 
undertaken  by  the  Laboratory  in 
collaboration  with  industry.  In  such 
electronic  devices  as  automatic  com¬ 
puters  where  thousands  of  tubes  are 
used,  such  tubes  will  represent  a 
great  saving  in  space. 


FIG.  3 — Sourcas  of  microphonici  or*  de¬ 
tected  by  Tibrating  tube  and  obMrring 
motion  of  internal  ports 


electron  tubes,  as  previously  men¬ 
tioned.  Mechanical  studies  made  at 
the  Tube  Laboratory  by  vibrating 
tubes  at  various  frequencies  with  a 
dynamic  driver  and  optically  ob¬ 
serving  the  motion  under  strobo¬ 
scopic  light  as  shown  in  Fig.  3,  are 
indicating  how  microphonics  can 
be  minimized.  Two  chief  sources  of 
microphonics  are  insecure  crimping 
and  welding  of  internal  parts  and 
vibration  of  the  individual  turns  of 
the  grid  helix. 

Whereas  in  amplifier  tubes  micro¬ 
phonic  effects  arise  chiefly  from  a 
variation  of  the  tube  amplification 
factor  as  the  relative  grid-filament 
and  plate-filament  spacing  changes, 
the  microphonic  effects  in  electro¬ 
meter  tubes,  which  are  used  in  cir¬ 
cuits  in  which  the  resistance  from 
grid  to  filament  is  virtually  infinite, 
arise  also  from  the  change  in  grid 
voltage  accompanying  variations  of 
interelectrode  capacitance  produced 
by  vibration.  The  effect  of  this 

(continued  on  p  182) 


November,  1947  —  ELECTRONICS 


Better  Voltage  Control — Longer  Life  For  Voltage  Regulator 
Assured  by  Isolating  Vibration  with  Lord  Mountings 

The  voltage  regulator  is  the  heart  of  an  engine- 
generator  set  ...  it  automatically  eliminates  extreme 
voltage  fluctuations — maintains  high  (}uality  lighting 
and  motor  efficiency. 

To  insure  such  service  —  plus  long  trouble-free  life 
—The  Ready-Power  Co.  of  Detroit,  Michigan  protects 
this  vital  unit  from  destructive  vibration  with  a  Lord  Vi¬ 
bration  Control  System.  And  vibration  control  pays  off 
...  in  greater  customer  satisfaction — increased  sales. 

The  entire  voltage  control  cabinet  is  isolated  from 
engine  vibration  by  four  Lord  Plate  Form  Mountings  in 
this  engine  generator.  Simple,  inexpensive — yet  highly 
engineered — these  bonded-rubber,  shear-type  mountings 
prevent  the  inaccuracies  and  failure  which  vibration  could 
cause.  To  customers,  that  means  lasting  dependability. 

Whether  you  manufacture  engine  generators  or 
any  other  product,  you  can  increase  your  sale’s  by  elimi¬ 
nating  costly,  destructive  vibration.  It  will  pay  you  to 
consult  Lord  .  .  .  make  us  your  headquarters  for  product 
improvement  through  Lord  Vibration  Control  Systems. 


Lord  Plate  Form 
Mountings  Protect 
Ready -Power  Con¬ 
trol  Cabinet  from 
Destructive  Vibration. 


That*  four  Lord  Plot*  Form  Mountings  com* 
plotuly  isolotu  the  sensitive  control  cobinel  and 
voltage  regulator  from  engine  vibration  ,  .  . 
a  contributing  factor  in  maintaining  the  high 
quality  lighting  and  motor  efficiency  choroc* 
teristk  of  Reody-Power  engine  generators. 


LORD  COMPLETE  VIBRA¬ 
TION  CONTROL  SYSTEMS 
FOR  ENGINE  GENERATORS 
IMPROVE  PERFORMANCE 


•  Instrument  Panel  Mountings 

•  Engine  Mountings 

•  Flywheel  Drive  Couplings 


Loro  throughout 


NEW  PRODUCTS 


Edited  by  A.  A.  McKENZIE 


New  equipment,  components,  packaged  units, 
allied  products;  new  tubes.  Catalogs  and  manu¬ 
facturers’  publications  reviewed. 


Packaged  Tower  (1) 

R’ostan  Corp.,  202  East  44th  St, 
New  York  17,  N.  Y.  The  Trig  tower 
is  a  selfsupporting  triangular  tap¬ 
ered  structure  fabricated  from 


400  to  2,000  volts  and  a  quenching 
circuit  permit  either  selfquenching 
or  nonquenching  Geiger  tubes  to  be 
used.  Accuracy  is  plus  or  minus  3 
percent  of  full  scale  on  all  five 
ranges. 


Mercury  Contact  Relays  (3) 

Graybar  Electric  Co.,  420  Lexing¬ 
ton  Ave.,  New  York  17,  N.  Y.  West- 


61ST  aluminum  alloy.  Delivered 
knockeddown,  it  can  be  erected  by 
one  man.  It  is  designed  for  low 
cost  developments  in  the  f-m,  a-m, 
and  television  broadcast  fields. 


USING  THE  NUMBERS 

Readers  desiring  further  details 
concerning  any  item  listed  in  the  New 
Products  department  can  obtain  the 
information  by  using  the  cards  fur¬ 
nished  as  a  stiff,  colored  insert  else¬ 
where  in  this  department. 

Place  the  number  (appearing  to 
the  right  of  the  heading)  of  one 
item  in  which  you  are  interested  in  a 
circle  and  than  fill  out  the  balance 
of  the  card  according  to  directions 
appearing  on  the  colored  sheet.  Un¬ 
numbered  items  listed  at  the  end 
should  be  procured  direct  from  the 
manufacturer  or  publisher  upon  pay¬ 
ment  of  the  fee  noted. 


Counting-Rate  Meter  (2) 

General  Radio  Co.,  275  Massachu¬ 
setts  Ave.,  Cambridge  39l  Mass.  The 
type  1600-A  counting  rate  meter  in¬ 
dicates  directly  in  counts  per  min¬ 
ute  the  rate  at  which  nuclear 
transformations  occur  in  radioac¬ 
tive  materials.  Counting  rate  is 
shown  on  a  panel  meter,  the  range 
of  operation  being  from  5  to  20,000 
counts  a  minute.  An  adjustable  and 
regulated  high-voltage  supply  from 


.'ll. 


ern  Electric  type  275  and  276  relays 
use  a  mercury-wetted  contact  in  a 
hermetically  sealed  envelope  The 
units  have  standard  octal  bases  and 
provide  almost  instantaneous  break 
of  contacts  with  high  current-hand¬ 
ling  capacity.  Useful  in  computers 
sorting  machines,  servomechanisms 
or  high-speed  keying  systems,  the 
relays  are  described  in  bulletin 
T2398. 


Electronic  Servo 


Askania  Regulator  Co.,  240  East 
Ontario  St.,  Chicago  11,  Ill.  A  re¬ 
mote  control  and  positioning  unit 
for  valves,  dampers,  and  other 
mechanical  mechanisms  consists  of 
a  transmitter,  vacuum-tube  ampli 


fier,  and  a  receiver.  Signal  lamps  or 
other  audible  or  visual  monitoring 
indicators  can  be  provided.  A  ten 
page  booklet,  no.  138,  is  available. 


F-M  Amplifier 


Altec  Service  Corp.,  250  West 
67th  St.,  New  York  19,  N.  Y.  Type 
A-323B  amplifier  designed  for  oper 
ation  with  f-m  tuners  and  a  good 
loudspeaker  has  built-in  equaliza 
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Design  -  Development  -  Production 
of  LF,  HF  and  UHF  Equipment 


THE  ELECTR0MT06RAPH 

A  LaToi«  f*t  initrament  designed 
for  the  Medical  profession.  Ampli> 
fies  rninute  potentials  of  the  order 
of  mioroTolts  generated  by 
muscles— to  the  extent  that  these 
potentials  may  be  measured  and 
analysed.  Includes  calibration 
circuits  to  facilitate  the  taking  of 
accurate  data. 


LAVOIE  LABORATORIES  are  well  prepared  with 

trained  personnel  and  special  equipment  to  handle  every  phase 
of  design,  develpment  and  manufacture  of  LF,  HF  and  UHF  equip¬ 
ment.  As  SPECIALISTS,  you  are  assured  of  precision  work  based 
on  correct  methods  and  technique  developed  through  years  of 
psactical  experience. 


FREQUENCY  STANDARDS  •  FREQUENCY  METERS  •  RECEIVERS 
TRANSMITTERS  •  ANTENNAS  and  MOUNTS 


CD«fai7e</  information  and  esfimatos  of  LAVOIE  teryice 
are  availablo  promptly  without  eott  or  obligation. 

RADIO  ENGINEERS  AND  MANUFACTURERS 

MORGANVlLLE«  N.  ). 


speed  dispatching  and  yet  insure  a 
minimum  of  confusion  among  a 
large  number  of  mobile  tt«its.  Lit¬ 
erature  is  available. 


tion  to  allow  direct  operation  from 
the  variable  reluctance  or  Pickering 
pickups.  A  treble  tone  control  for 
use  with  shellac  pressings  is  pro¬ 
vided.  There  are  two  inputs,  one 
for  phonograph  pickup  and  the 
other  for  radio.  The  amplifier  is 
rated  at  15  watts  and  has  a  fre¬ 
quency  response  within  1  db  from  35 
to  12,000  cycles.  Response  is  essen¬ 
tially  flat  from  20  to  20,000  cycles. 


Silicone'Asbestos  Paper  (11) 

Connecticut  Hard  Rubber  Co.,  407 
East  St.,  New  Haven  9,  Conn.  Cohr- 
lastic  is  a  Silicone  rubber  coated 
asbestos  paper  with  high  heat  re¬ 
sistance  that  is  available  in  rolls  12 
inches  wide.  It  withstands  temper¬ 
atures  in  the  range  of  500  F  to  mi¬ 
nus  70  F.  It  has  a  dielectric 
strength  of  400  volts  per  mil  (9,600 
volts  for  the  present  standard  sheet 
that  is  0.024  inch).  The  material 
is  corona  resistant,  will  not  carbon 
track  and  has  good  surface  resistiv¬ 
ity.  Being  more  resilient  than  un¬ 
treated  asbestos  paper,  it  is  suitable 
for  gasket  or  washer  stock  in  ap¬ 
plications  in  which  compression 
aids  sealing  or  holding. 


connected  to  give  primary  imped¬ 
ances  of  500,  150,  or  50  ohms.  The 
coils  can  also  be  used  in  a  pushpuU 
circuit.  The  unit  is  flat  within  plus 
or  minus  1  db  up  to  25,000  cycles. 
Further  characteristics  can  be  ob¬ 
tained  from  the  manufacturer. 


Pulse  Generator  (6) 

Radar  Engineers,  Arcade  Building, 
Seattle  1,  Wash.  The  type  PG-5 
pulse  generator  covers  a  range  of 
pulse  widths  from  0.1  to  2.0  micro¬ 
seconds  with  rise  and  fall  times  of 
0.05  microsecond.  A  positive  input 


Butterfly  Capacitors  (9) 

Barker  and  Williamson,  Inc.,  237 
Fairfield  Ave.,  Upper  Darby,  Pa. 
Type  JCX  variable  capacitors  em¬ 
ploy  opposed  stator  sections  and 
butterfly  rotors  that  can  be 
grounded  at  the  center  of  the  r-f 


.411-Welded  Solenoid 


General  Electric  Co.,  Schenectady 
5,  N.  Y.,  announces  a  small  all- 
welded  solenoid  designed  for  use 
where  powerful  pull  is  needed  in  a 
small  space.  It  develops  a  maximum 
pull  of  0.26  lb  in  a  half-inch  stroke 
and  operates  on  110  volts,  60  cycles. 


trigger  of  from  10  to  20  volts  is 
required  for  each  output  pulse,  the 
latter  being  variable  in  amplitude 
from  minus  20  to  plus  20  volts.  The 
unit  consumes  40  watts  at  115  volts, 
60  cycles. 


voltage  point  with  respect  to  sta¬ 
tors.  The  capacitors  will  handle 
plate  potentials  up  to  1,500  volts. 


Crystal  Units  (7) 

Clark  Crystal  Co.,  2  Farm  Road, 
Marlboro,  Mass.  A  new  line  of  res¬ 
onator  and  oscillator  crystal  units 
is  announced  for  the  frequency 
range  50  kc  to  54  me. 


Taxi  Radio  (10) 

Mobile  Communications  Co.,  202 
East  Fourth  St.,  Long  Beach  2, 
Calif.  Complete  main  and  mobile 
f-m  vhf  stations  are  available  for 
taxicab  two-way  communications. 
The  Taxi-Talkie  system  employs  a 
lockout  mechanism  designed  to 


Frame  and  bracket  as  well  as  frame 
laminations  are  all  welded  together. 
Eddy  current  losses  are  thus  re¬ 
duced. 


Input  Transformer  (8) 

J.  W.  Newton  Co.,  Inc.,  234 
Seventh  Ave.,  New  York  11,  N.  Y. 
The  transformer  illustrated  con¬ 
sists  of  two  coils  so  wound  on  a 
specially  shaped  core  that  the  unit 
forms  its  own  shield  in  almost  any 
position.  The  four  windings  can  be 


Photoelectric  Relay 

General  Electric  Co.,  Schenectady 
5,  N.  Y.  The  new  photoelectric  re¬ 
lay  and  light  source  can  operate  at 

(cont!nu«d  on  p  210) 
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Transformer  coils  are  wound,  14  at  once  on  the 
same  machine,  at  speeds  up  to  2500  rpm  ...  on  the 
No.  104  Universal  Coil  Windinj:  Machines  used  hy 
a  company  famous  in  the  field  of  electronics. 

No  attention  is  required  from  the  operator  other  •  Slow  start  —  avoids  tvire  breakage. 
than  to  load  and  unload.  Paper  of  various  types  and 
thicknesses,  one  or  two-ply,  is  inserted  automatically 
. . .  length  of  insert  increased  automatically . . .  spindle  •  Electric  stop  motion  available  to  detect  wire  breaks 

stopped  at  completion  of  coil  automatically.  and  stop  machine.' 

Write  for  Bulletin  104.  Universal  Winding  Company,  P.  O.  Box  1605,  Providence  1,  R.  I. 


OTHER  FEATURES 


•  Adjustable  traverse  mechanism  —  wire  layer  length 
adjustable  without  removing  cams. 


Rapid  transfer  —  using  secondary  arbor. 
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MEETINGS 


Nov.  3-5:  National  Electronics  Con¬ 
ference,  Edgewater  Beach  Hotel, 
Chicago.  See  p  240,  Oct.  issue  for 
program. 


NEWS  OF  THE  INDUSTRY 

Edited  by  JOHN  MARKUS 

Program  of  Rochester  Fall  Meeting;  network  f*m 
and  television  broadcasting;  pilotless  ocean 
flight;  x-ray  conference;  personnel  items 


Radio  for  Play  Directors 

To  TEST  the  usefulness  of  radio  for 
communication  between  a  tele¬ 
vision  control  room  and  stage  di¬ 
rectors  in  the  studio,  National 
Broadcasting  Co.  was  granted  FCC 
autliorization  for  an  experimental 
class  2  station.  Since  the  proposed 
radio  system  will  be  entirely  within 
a  shielded  television  studio,  it  is 
not  expected  to  cause  outside  inter¬ 
ference.  The  frequency  used  will 
be  in  the  Industrial,  Scientific, 
Medical  band  which  is  available  for 
assignment  to  low-power  conveni¬ 
ence  radio  communication. 

Stage  directors  will  be  equipped 


with  lightweight  battery-operated 
receivers  for  receiving  the  instruc¬ 
tions  from  the  control  booth.  Here¬ 
tofore  this  communication  has  been 
available  only  through  use  of  head¬ 
sets  and  long  connecting  cords 
plugged  into  various  outlets  about 
the  stage. 


Microwave  Television  Relay 

Establishment  of  a  permanent 
microwave  relay  system  between 
New  York  and  Schenectady  for  a 
more  complete  programming  of 
television  station  WRGB  paves  the 


Nov.  3-7:  AIEE  Midwest  General 
Meeting,  Chicago,  111. 

Nov.  7-3:  Conference  on  X-ray  and 
Electron  Diffraction,  Mellon  Insti¬ 
tute  of  Industrial  Research,  Pitts¬ 
burgh,  Pa.  Program  on  p  254. 

Nov.  17-19:  Rochester  Fall  Meeting. 
Sheraton  Hotel,  Rochester,  N.  Y.; 
technical  papers  and  exhibits.  Pro¬ 
gram  on  p  154. 

March  22-25;  IRE  Convention  and 
Radio  Engineering  Show,  Hotel 
'Commodore  and  Grand  Central  Pal¬ 
ace,  New  York  City. 


way  for  larger  audiences  and  more 
economical  use  of  video  facilities. 

In  a  preview  of  the  system,  which 
was  scheduled  for  regular  opera¬ 
tion  beginning  Sept.  29,  engineers 
and  the  press  were  shown  Sche¬ 
nectady  broadcasts  of  programs 
picked  up  in  New  York  from 
WNBT  and  WABD  that  were  indis- 


RMA  Board  of  Directors  for  1947-1948 


H.  C  k,  A.  H— wwtadimd 


Max  f.  iidcMi 


W.  i.  W.f.HiHM 


H.C  tiMw  A.  Wkitv  aIWk 


H.  i.  HWhwMi  1  N,  WaiadtU  A-»h4Hxewhfi»»» 


A.  NkiMllM  H.  Mm— a 


W  H.  a.  Mur 

Pinstar  '* 
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R.  C.  C— f— ve 


R.  I.  Carl— M  R«»ia«PHfi  AWamf  RfiMiM.  faham  Harff  S^aAj 
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lightweight  •  compact  •  built-in  power-unit 


TRANSMITTER 
—  RECEIVER 


MINIATURE  COMPONENTS 


MINIATURE  TECHNIQUE 


Employing 


STR  9.  A  miniaturised  low  power- high 
performance  transmitter  receiver  designed 
to  reduce  operating  to  ‘  switch-and-talk.’ 

WEIGHT:  221b. 

TOTAL  INPUT:  180  watts  at  26  volts. 

FREQUENCIES:  4  spot  frequencies,  remotely 
selected,  in  the  band  115-145  Me  s. 


SERVICE  :  Telephony. 

,  Standard Tetephews and Cabks Limited  •  TELECOMMUNICATION! 
engineers  .  OAKLEiGH  rSIvd  iTbhG 
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programs.  The  main  transmitter 
is  fed  by  a  microwave  studio-trans¬ 
mitter  link. 

Frequencies  employed  are  in  the 
band  between  1,800  and  2,000  me 
so  that  directional  antenna  gains  of 
1,400  are  possible  using  6-foot  dish 
reflectors  with  a  beam  width  of 
only  6  degrees.  Relay  transmitter 


power  18  aoout  lO  watts. 

Although  the  present  125-foot 
towers  are  provided  with  large 
rooms  at  the  top  for  further  ex¬ 
perimentation,  General  Electric  en¬ 


Plug'iii  Construetiou  Eliuiinates  Under- Clia88i»»  Parts  in  New  ^uperliet  Receivci 


Photographs  here  show  how  Cosmo  Electronic 
Corp.,  New  York  City,  achieves  complete  plug¬ 
in  construction  (except  for  the  gang  tuning  capaci¬ 
tor)  in  their  flve-tube  universal  a-c/d-c  superhetero¬ 
dyne  radio  receiver.  Promotion  will  feature  ease  of 
servicing ;  any  plug-in  unit,  -including  loudspeaker 
unit  which  screws  to  chassis  but  has  plug-in  connec¬ 
tions,  is  to  be  available  from  dealers  at  price  of  $1.85. 


Each  plug-in  can  is  a  different  color,  and  purchaser 
of  receiver  gets  instruction  book  telling  how  to  fig¬ 
ure  out  which  can  needs  replacement  when  set  goes 
bad.  Filtering  unit,  most  likely  to  fail,  is  red,  and 
audio  can  is  brown.  Same  plug-in  technique  is  con¬ 
templated  for  use  with  Franklin  Airloop  Corpora¬ 
tion’s  stamped  wiring,  described  in  June  1947  ELEC¬ 
TRONICS,  p  82.  One  can  has  nine  small  parts  inside. 


tinguishable  in  clarity  from  a  lo¬ 
cally  produced  show. 

Three  unattended  relay  stations 
are  required  to  establish  line-of- 
sight  paths  shown  on  the  map. 
Each  receiver  is  in  operation  at  all 
times.  When  the  New  York  relay 
transmitter  is  turned  on,  its  re¬ 
ceived  signal  operates  the  Mt.  bea¬ 
con  transmitter,  which  then  ener¬ 
gizes  the  rest  of  the  chain  in  like 
manner.  Although  the  Helderberg 
relay  is  only  about  1.5  miles  from 
the  WRGB  transmitter,  the  video 


N*w  York  mlcrowoTO  relay  tranunitter  (in 
the  box)  and  beam  antenna.  Each  relay 
receixer  and  tranunitter  ia  similar  in  ap¬ 
pearance 


and  audio  signals  are  sent  to  the 
studio  control  room  to  facilitate 
switching  between  local  and  remote 


gineers  point  out  that  the  essential 
relay  receiving  and  transmitting 
equipment  occupies  a  small  fraction 
of  the  space.  If  suitable  tower  sites 
can  be  reasonably  procured  this 
system  should  compete  favorably 
with  other  means  of  establishing 
television  networks. 


tykco** 


aouno  top 

^50  PT  y. 


■u  MILES 


i-rSMILES- 


neaecatskillI 


Rochester  Fall  Meeting 

The  program  of  the  Rochester  Fall 
Meeting  of  members  of  the  RMA 
Engineering  Department  and  the 
Institute  of  Radio  Engineers  at  the 
Sheraton  Hotel,  Rochester,  N.  Y., 

(Conti  nusd  on  p  2tij 


INOlCATES  OOUM.E  WPVt 

■OTH  nCTUAE  and  voice 


T*OV-ALtANV  -SCHENSCTAOV 
AND  AREA  SERVED  SV  WRSS 


New  York-Schenectady  teleriiion  relay  using  frequencies  between  1.800  and  2.000  me. 
The  New  York  receiving  point  can  pick  up  Washington.  Philadelphia,  or  New  York 
station  programs,  which  are  then  relayed  and  rebroadcast  from  Schenectady 
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Selenium  Rectifiers 
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FROM  MILLIWATTS  TO  KILOWATTS 
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YOUR  ASSURANCE  OF  TIME-TESTED  PERFORMANCE 


The  things  you  want  most  in  a  rectifier  — 
lasting  performance  and  dependability  —  can 
neither  be  seen  nor  accurately  measured.  But 
they  can  be  identified. .  .by  the  familiar  “FTR” 
trademark.  Why?  Because  Federal  was  the^rsf 
manufacturer  of  Selenium  Rectifiers  in  this 
country — because  Federal  has  pioneered  every 
major  advance  in  their  design  and  construction 
—  and  because,  for  over  9  years.  Federal  Sel¬ 
enium  Rectifiers  have  continued  to  set  the 
industry’s  standards  for  performance,  economy, 
and  long  service  life. 


Whether  your  product  uses  DC  by  the  milliam- 
pere  —  or  by  hundreds  of  amperes  —  there’s  a 
Federal  Selenium  Rectifier  that’s  right  for  the 
job.  For  example:  The  “postage-stamp  size’’ 
rectifier  shown  above  delivers  5  milliamperes  at 
2,000  volts  DC . . .  while  the  large  48-plate  three- 
phase  stack  furnishes  up  to  200  amperes  at  30 
volts  DC,  or  25  amperes  at  240  volts  DC.  Both 
have  one  thing  in  common  —  the  traditional 
Fedeial  quality  and  dependability.  Write  today 
for  information  on  the  rectifier  for  your  power- 
conversion  requirements.  Dept.  F413. 


Federal  Telephone  and  Radio  Corporation 


SELENIUM  aiid  INTEIIN  DIVISION,  MOO  Passaic  Ave. 


NCCPINQ  rCDKRAL  VCARS  ANCAO...it  ITAT's  world-wida 
rcsaorchond  enginaaring  orgoniiotion,  oE  which  tha  Fadarol 
Ttlaeommunicalion  loborotorias,  Nwtiay,  N.  a  ynif. 


In  Canada:  Fadoral  Eloclrk  AAanufacturing  Company,  Lid.,  Monlraal,  P.  Q. 
Eapofl  Disirihvlors :  Inlornational  Standard  Eloclric  Corp.  67  Bread  Si.,  N.  V. 
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WasI.er  permanently  fastened  on,  yet 
free  to  ro'ate  Easi,er,  faster  driving. 
No  fumbled,  lost  or  forgotten  washers. 
Matching  finish  on  both  parts  Easier 
ordering  and  balanced  inventories. 


Increase  assembly  speed  up  to  S0°o! 
Cut  down  injuries  to  workers  with  no 
burrs,  no  skids.  Reduce  production  costs. 
Reduce  rejects!  Improve  product  ap- 
pearonce!  Go  modern  with  Phillips! 


The  latest  type  recessed-head  screw. 
Screw  locks  on  driver.  Can't  fall  off. 
No  screw-driver  slippage.  Easy  to  as¬ 
semble  Exceptional  driver  life.  Ordi¬ 
nary  screw-driver  may  also  be  used. 


Scovill  is  expert  in  cold-forging  unusual 
special  fastenings,  such  as  the  one 
shown.  Scovill  designing  ability,  engi¬ 
neering  skill,  men  and  machines  save 
money  for  customers.  Consult  Scovill! 


Method  of  neutralizing  effect  of  loop  an¬ 
tenna  reactance  on  tracking  of  permea¬ 
bility-tuned  receiver 


Miiksmit  setpw 


WIimPS  RtCKStP 


coils  be  identical  in  every  position, 
that  is,  at  every  frequency.  The 
effect  of  the  coupled  reactance  is  to 
upset  this  condition.  Hence  a  sim¬ 
ple  solution  suggests  itself,  namely, 
to  couple  into  the  oscillator  section 
a  dummy  coil  of  the  same  induc¬ 
tance  as  that  of  the  loop  antenna. 
The  reactance  coupled  into  both  sec¬ 
tions  is  then  the  same  at  every  fre¬ 
quency  and  mistracking  does  not 
result.  A  typical  circuit  is  shown. 
Here  L,,  L,  represent  identical  coils 
and  cores,  L*  L«  identical  primaries 
wound  over  them,  and  L*  the 
dummy  coil  simulating  the  effect 
of  the  loop  L. 

(1)  Electronics,  19.  p  138.  Sept.  I'.ilii. 

(2)  Radio,  30,  p  20,  Nov.  1946. 


Automatic  Audio  Phase 
Reverser 


By  .Alvin  H.  Smith 

Technical  Supervinor 
Radio  station  K8JC 
Sioux  at!/,  Iowa 


It  is  a  well  known  fact  that  the 
waveform  of  most  speech  and  some 
music  is  not  symmetrical.  When 
such  a  nonsymmetrical  signal  modu¬ 
lates  an  a-m  transmitter,  it  is  pos¬ 
sible  for  the  modulation  envelope 
to  undergo  excursions  below  the 
unmodulated  level  that  are  greater 
than  the  envelope  excursions  above 
this  level.  Such  a  condition  is  re¬ 
ferred  to  as  negative  modulation. 
Most  broadcast  transmitters  can  ac¬ 
commodate  positive  modulation 
peaks  in  excess  of  100  percent,  but 
in  no  case  can  the  negative  modula¬ 
tion  peaks  exceed  100  percent,  or 
serious  distortion  and  interference 
to  other  radio  services  will  result. 
Moreover,  most  detector  distortion 
in  modern  broadcast  receivers  oc¬ 
curs  on  the  negative  portion  of  the 
detection  curve.  Thus,  if  a  nonsym¬ 
metrical  modulating  signal  can  be 
made  to  produce  more  positive  than 


Look  at  the  fastenings  you’re  now  using— and  see  if  they're 
the  best  for  the  job.  Get  better  results— at  less  cost— with 
modern  fastenings.  If  you  use  fastenings  in  large  quantities/ 
it  will  pay  you  to  find  out  what  Scovill  can  do  for  you.  Fill 
out  and  mail  the  coupon  below— now/ 

MAIL  COUPON  TODAY! 


SCREW  PRODUCTS 
48,  CONN. 

SE»ASWo»h«»^^ 

,PHauPS**«*“.r 

I  CLUTCH  HEAOSei 


jCOVHl  MM 

y^ATERVaiE 

y/ATERVaie 
ptaoM  ♦'•PP’T  ' 

Q  SeovlH ! 
n  SeovlH 
Q  ScovU* 
i  QScov'.V. 

[  ham® 

I  C0»*PANT— 


jH.aaScr*v^» 


Post*"'"®* 


QUALITY  FASTENERS 
FOR 

QUANTin  CUSTOMERS 
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MOTORS  FOR 

SOUND  RECORDING 

MUST  HAVE 

LOW  NOISE  LEVEL 
MINIMUM  VIBRATION 
CONSTANT  SPEED 


<pe%vice 

CONTACT  THESE 
REPRESENTATIVES 

JOE  DAVIDSON  t  ASSOCIATES 
P.O.  Box  108 
South  Gate,  Calif. 

Tel:  Kimball  7244 

e 

ALIEN  I.  WILLIAMS,  JR. 

230  Cooper  Building 
Denver  2,  Col. 

Tel:  Mo.  0343 

e 

FRANK  W.  YARLINE  A  CO. 

20  No.  Wocker  Drive 
Chicago  6,  III. 

Tel:  State  0347 

e 

HARRIS  HANSON  CO. 

427  No.  Euclid  Ave. 

St.  Louis  8,  Mo. 

Tel:  Forest  5841 

e 

ENGINEERING  SALES  CO. 

124  No.  Montgomery  St. 
Trenton  8,  N.  J. 

Tel:  Trenton  9885 

e 

HOLLIDAY-HATHAWAY 
SALES  CO. 

238  Main  Street 
Cambridge  42,  Mass. 

Tel:  Eliot  1751 
e 

GEORGE  T.  WRIGHT 
19859  Beach  Cliff  Blvd. 
Cleveland  16,  Ohia 
Tel:  Boulevard.  9554 

e 

STANDARD  PARTS  A 
EQUIPMENT  CORP. 

904  North  Moin 
Fort  Worth,  Texas 
Phone  2-4459 


EASTERN  AIR  DEVICES 

SYNCHRONOUS  SOUND  RECORDER  MOTORS 


Give  Smooth,  Fiawless  Performance 

ON  ANY  TYPE  OF  DISC,  WIRE,  TAPE 
or  FILM  RECORDER 

1. N0  NOISE-  HYSTERESIS  TYPE 

2.  NO  VIBRATION 

3.  HUNT  and  "WOW "  ELIMINATED 

These  Motors  Now  In  Production 


TYPE 

HP. 

SPEED 

LH731NCJ 

1/50 

1800  R.P.M. 

LH73QCJ 

1/100 

1800  R.P.M. 

WRITE  FOR  SAM  PLES 

Similar  Motors  are  Available  For: 

CAMERAS  •  PROJECTORS  •  FACSIMILE 

EASTERN  AIR  DEVICES,  INC 

585  DEAN  STREET  •  BROOKLYN  17.  N.  Y. 
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negative  modulation  peaks,  the  c-  v- 
erage  of  a  radio  station  may  be  in¬ 
creased,  '  and,  at  the  sainc  time, 
overall  distortion  can  be  reduced. 

The  purpose  of  this  a-f  phase  re- 
verser  is  to  adjust  automatically  the 
polarity  of  the  audio  input  signal 
to  the  transmitter  to  produce  the 
desired  modulation  polarity.  This 
device  is  particularly  useful  when 
the  modulating  signal  is  of  local 
studio  origin;  after  an  audio  signal 
has  passed  through  a  number  of  re¬ 
peater  amplifiers,  as  in  the  case  of 
a  network  program,  phase  and  am¬ 
plitude  distortion  cause  the  lack  of 
waveform  symmetry  to  be  less  pro- 
noflnced. 


BROADCAST  MONITORING 


Circuit  Operation 

The  circuit  of  the  automatic 
phase  reverser  is  shown  schemati¬ 
cally  in  the  accompanying  illustra¬ 
tion.  Basically,  the  device  consists 
of  a  two-stage  bridging  audio  ampli¬ 
fier  using  6C5  tubes,  a  balanced 
rectifier,  consisting  of  a  6H6  with 
one  cathode  grounded,  and  an  R-C 
delay  network,  the  output  of  which 
is  connected  to  the  control  grid  of 
a  2050  thyratron.  The  firing  of  this 
thyratron  actuates  a  polarity¬ 
switching  relay. 

A  dpdt  sense  switch  is  connected 
in  the  input  of  the  phase  reverser 
unit.  This  switch  is  used  to  preset 
the  phase  reverser  so  that  on  modu¬ 
lation  peaks,  the  transmitter  will 
be  modulated  more  positively  than 
negatively.  Once  the  proper  switch 
position  is  selected,  no  further  ad¬ 
justment  is  required  and  the  opera¬ 
tion  of  the  device  is  entirely  auto¬ 
matic. 

Conventional  audio  amplifiers  are 
u.sed  and  are  designed  to  produce 
minimum  distortion,  since  the  wave¬ 
form  of  the  incoming  audio  signal 
must  be  preserved  as  nearly  as  pos¬ 
sible.  The  6H6  balanced  rectifier 
operates  in  such  a  manner  that  for 
low  audio  input  voltages,  the  poten¬ 
tials  across  the  two  halves  of  the 
output  load  are  approximately 
equal.  Under  this  condition,  the 
net  voltage  across  the  R-C  delay 
network  is  nearly  zero. 

On  input  voltage  peaks,  the  recti¬ 
fication  efficiency  increases,  and  the 
diode  having  the  higher  input  volt¬ 
age  peak  develops  the  larger  voltage 
across  its  load.  As  a  result,  a  volt¬ 
age  is  impressed  across  the  input 


Illustrated  on  the  right  is  the  complete 
fulfillment  of  the  broadcasters  require¬ 
ments  for  adequate  monitoring  of  the 
extended  range  FM  signal.  Features  of 
the  P-52HF  Tru-Sonic  separate  2-way 
speaker  system  include  low  800  cycle 
crossover  to  relieve  the  low  frequency 
driver  cone  of  high  frequencies— 6  cubic 
foot  phase-inverted  reflex  cabinet  for 
adequate  bass  support  — 120°x  40° 
high  frequency  dispersing  horns— over 
6  pounds  of  Alnico  5  magnet  for  high 
flux  density  in  the  gaps— efficiency  over 
50%— high  frequency  attenuation  con¬ 
trol  to  balance  room  acoustics— least 
inter-modulation,  and  fewest  transients 
of  any  comparable  speaker. 

Shown  in  the  Model  52U  utility  cabi¬ 
net.  Available  also  in  exquisite  furni¬ 
ture  of  period  design  in  either  bleached 
blond  or  mahogany,  with  components 
totally  enclosed. 

Model  P-52HF  with  2x6  horn,  as  shown, 
$345.00  list.  With  2x5  horn,  $332.50 
list.  With  2x4  horn,  $320.00  list. 


P-52A  Coaxial  2-Way  System 

For  Home  Reception 


The  Model  P-52A  Coaxial  2-way  speaker  system 
embodies  the  some  fine  engineering  and  con¬ 
struction  exemplified  in  the  P-52HF  Separate 
2-way  system  shown  above,  plus  the  added  fea¬ 
ture  of  space  soving  design.  1200  cycle  cross¬ 
over  —  80 ’’x  40°  dispersion  through  8  cellular 
horns— heavy,  6  pound  Alnico  5  magnet  for  high- 
flux  density— 16  ohm,  20  watt  input— 15"  cone 
diameter.  Price  $205.00  litf. 

Normal  trad*  discounts  prevail.  Write  for  16  page 
bulletin  describing  Tru-Sonic  speaker  systems. 


Los  Angeles  34,  Calif. 


10416  National  Blvd. 


Theatre  and  Home 


Speaker  Systems  for 
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PLASTICS  PARTS 


COUNT! 


THAT 


Consoliiloted 

S  molded 

1  309  CHERRY  STREET, 

^  SCRANTON  2,  PA 


'*4<4-tS**  jamfoii  froasf«r 

wklch  mak*  ap  tk* 
^dlng-Hp  pr«s«iit>day  oceiiraf* 


vHflf  ppr^la  Mm 
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Automatic  phase  reversal  of  on  audio 
signal  is  done  bv  this  circuit 


Shallcross  Switches  offer  a  broad 
assortment  of  finely  made,  low  con¬ 
tact  resistance  rotary  selector  switch 
types  for  exacting  applications.  Nu¬ 
merous  standard  types  in  single  and 
multi-section  units  up  to  1 80  contacts 
can  readily  and  economically  be 
adapted  to  specific  requirements. 


AKIA  ONH  PRECISION 
RESISTORS 

14  Standard  Typ«<.  50  available 
ip*<ial  dctigns. 

HIOH  YOITAOE  TEST  EOUIPHENT 

1.5  to  200  KV 

BRID6B 

Whaolttona,  K*lvin-Wh*alitene, 
Rercant  limit  and  Fault  Lecatian 
Typai 

DEUDE  BOXES 

1  ta  7  dial  typat, 

0.1  to  11.  Ill,  110  ohmt 

VOLTAGE  DIVIDERS 
(DECADE  POTENTIOMETERS) 

Vollag*  ratios  0.0001  to  1.0 

AHENUATORS  A  CONTROLS  FOR 
COMMUNICATION  EOUIPMENT 

LOW  RESISTANCE  TEST  SETS 

From  200  micro-ohms  to  100  ohms 


of  the  delay  network  having  a  po¬ 
larity  that  is  determined  by  the 
predominance  of  negative  or  posi¬ 
tive  peaks  at  the  rectifier  input. 

Plate  voltage  for  the  2050 
thyratron  is  supplied  by  one-half 
of  the  high-voltage  winding  of  the 
power-supply  transformer  through 
the  winding  of  the  polarity-switch¬ 
ing  relay.  The  thyratron  normally 
conducts  on  every  positive  half¬ 
cycle  of  its  plate  voltage.  When¬ 
ever  the  net  voltage  from  the  bal¬ 
anced  rectifier  is  such  that  the  grid 
voltage  of  the  thyratron  is  approxi¬ 
mately  3  volts  negative,  the  thyra¬ 
tron  ceases  to  fire  and  the  relay 
switches  to  its  unenergized  posi¬ 
tion,  reversing  the  polarity  of  the 


Write  for  Switch  Bvllefin  C-I  and  C-2 


SHALLCROSS  MANUFACTURING  COMPANY 
DEPT.  E-117  COILINODALE,  PA. 


OUSe  INSTRUMENTS 


ptAMTS  m  as  cmn . . .  osncis  ivnYWHiU 


Here’s  wonderful  news!  A  wide  variety  of  standard 
ratings  of  Westinghouse  panel  instruments  .  .  . 
now  available  for  immediate  delivery  ...  all  you 
need  you  want  them! 

There’s  a  complete  selection  .  .  .  2^4",  5M'' 
and  4)^*'  sizes  .  .  .  rectangular  and  round  cases, 
both  with  flush  or  projection-type  mountings  . . . 
for  d*c,  power  frequency,  audio  frequency  and 
radio  frequency  measurements. 

Westinghouse  panel  instruments  meet  the 
highest  standards  of  performance  in  every  field 
of  application.  They  have  been  proved  in  every 
industry  and  military  requirement— on  land,  sea 
and  in  the  air.  You  don’t  need  to  experiment. 


The  chassis  design  of  Westinghouse  instru¬ 
ments  permits  the  final  assembly  of  stocked  and 
pretested  suba'ssemblies  ...  to  meet  your  re¬ 
quirements  without  delay.  Every  instrument  is 
“accuracy  checked’’  the  day  of  shipment. 

Whether  you  need  thousands  of  electrical  in¬ 
struments  or  just  one,  Westinghouse  has  the 
production  facilities  and  a  nationwide  service 
organization  to  follow  through.  Consult  a  West¬ 
inghouse  instrument  specialist.  Call  your  nearest 
Westinghouse  office  or  write  Westinghouse  Elec¬ 
tric  Corp.,  P.  O.  Box  868,  Pittsburgh  30,  Pa. 

Send  for  the  Westinghouse  Instrument  Booklet, 
B-301 3-Ell.  J-40359 
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TUBES  AT  WORK  (contin 

audio  signal  delivered  to  the  trans¬ 
mitter. 

A  two-section  R-C  delay  network 
is  conriected  to  the  grid  of  the 
thyratron.  This  delay  network  aids 
in  preventing  chattering  of  the  re¬ 
lay  and  delays  switching  until  sev¬ 
eral  peaks  of  the  same  polarity  have 
occurred.  Two  10,000-ohm  resistors 
across  the  relay  contacts  act  to  re¬ 
duce  key  clicks  in  switching;  relay 
contacts  should  be  set  as  close  as 
possible  for  the  same  reason.  The 
combination  of  the  12-jLtf  capacitor 
in  series  with  the  800-ohm  resistor 
also  acts  to  prevent  relay  chatter¬ 
ing. 

Control  of  Switching  Time 

• 

A  6H6  clipper  tube  prevents  the 
delay-network  capacitors  from 
charging  negatively  to  such  a  de¬ 
gree  that  the  switching  action  of 
the  thyratron  can  not  follow  rapidly 
the  peak  polarity  changes  of  the 
audio  signal.  The  grid  circuit  of 
the  thyratron  performs  this  func¬ 
tion  for  positive  capacitor  charges. 
Adjustment  of  the  audio  input  to 
the  balanced  rectifier  also  affects 
the  time  required  for  switching. 

The  value  of  the  resistor  in  series 
with  the  plate  of  the  2050  depends 
upon  the  characteristics  of  the  par¬ 
ticular  relay  used.  This  resistor 
should  have  as  high  a  value  as  will 
give  good  switching  action.  A  de¬ 
sired  switching  delay  can  be  ob¬ 
tained  by  changing  the  values  of 
the  circuit  constants  in  the  R-C  de¬ 
lay  network.  The  only  limitation  is 
that  the  resistance  in  series  with 
the  2050  grid  must  be  at  least  300,- 
000  ohms. 

The  automatic  phase  reverser 
neither  adds  to  the  distortion  nor 
increases  the  noise  level  of  the  audio 
circuit  with  which  it  is  connected. 
This  condition  results  from  the  fact 
that  the  audio  circuit  has  only  a 
dpdt  relay  added  to  it.  This  device 
has  proved  to  be  very  useful  in  sev¬ 
eral  months  of  service  at  KSJC. 


COSTS 


r  How  to  Cut  Costs 

without  tutting  Conors 


Turing  the  past  few  months  Paul  and  Beekman,  Inc.  has  supplied 
manufacturers  with  millions  of  parts  for  roller  skates,  radios,  vending 
machines,  lawn  mowers.  (And  many,  many  other  products.) 

Advantages  to  the  ultimate  producers  of  these  commodities  are: 
They  get  their  parts  precision-made,  on-schedule,  at  lowest  possible 
cost.  They  get  their  parts  without  investment  in  new  machinery,  new 
buildings,  new  personnel. 

Paul  and  Beekman,  Inc.  has  the  plant,  the  machines,  the  skilled 
men  and  the  organized  planning.  We  make  all  types  of  pressed  metal 
parts  and  products  from  steel,  bronze,  copper,  brass  or  aluminum.  If 
desired,  we  design  and  make  the  dies.  If  specifications  call  for  welding, 
assembling  or  electroplating,  so  much  the  better  ...  we  do  that,  too. 

Perhaps  that  kind  of  start-to-finish  service  can  help  you  remain 
competitive,  in  the  face  of  rising  costs.  A  letter  to  us,  stating  your  needs, 
will  put  our  engineers  to  work  on  your  problem,  immediately. 


Dust  Preeipilalors  for 
Air  Coiiditioiiiii^ 

No  LONGER’ must  spectators  at  Mad¬ 
ison  Square  Garden  see  sporting 
events  and  spectacles  through  a  dis¬ 
comforting  haze  of  tobacco  smoke 
and  dust.  In  conjunction  with  the 
air  conditioning  system  recently  in- 
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Studying  the  output  of  pulsed  oscillators? 


I 


THE  SYLVANIA  SPECTRUM  ANALYZER 

provides  a  convenient  means  of  studying  the 
energy  spectrum  of  microwave  generators  oper¬ 
ating  as  pulsed  oscillators  or  modulated 
oscillators.  The  output  of  magnetron,  klystron, 
rocket  and  similar  UHF  and  SHF  tubes  can  be 
readily  investigated. 

Essentially,  the  Sylvania  Spectrum  Analyzer 
consists  of  a  sharply  tuned  superheterodyne  re¬ 
ceiver  with  a  cathode  ray  oscilloscope  indicator. 
The  instrument  incorporates  a  sawtooth  gen¬ 
erator,  which  performs  the  two  functions  of 
frequency-modulating  the  local  oscillator  and  of 
providing  the  horizontal  sweep  for  the  oscillo¬ 
scope.  Thus  automatic  synchronization  is 
assured  at  all  times. 

An  input  probe  is  provided  for  insertion  into 
cavities  or  wave-guides. 

The  energy  emitted  by  the  oscillator  at  vari¬ 
ous  frequencies  is  displayed  on  the  cathode  ray 
tube  as  a  pattern  of  vertical  lines.  The  envelope 
of  the  pattern  represents  the  spectral 
distribution. 

The  ^ectruin  Analyzer  illustrated  — the 
TS\-4SE — is  designed  for  the  9,300  Me  region. 
A  second  model  —  the  TSS-4SE — is  available 
for  the  3.000  Me  region,  and  a  third  model  — 
the  TSK-2SE — is  available  for  the  24,000  Me 
region. 

TYPICAL  APPLICATIONS  OF 
THE  SPECTRUM  ANALYZER 

Some  of  the  possible  uses  include: 

Viewing  the  output  of  a  radar  system,  to 
make  sure  that  the  output  energy  is  not  being 
wasted  by  being  distributed  over  a  wider  fre¬ 
quency  band  than  the  radar  receiver  can  ac¬ 
commodate. 

Determining  the  frequency  of  a  pulsed 
oscillator. 

Adjusting  the  local  oscillator  frequency  of  a 
radar  receiver  to  space  it  properly  with  respect 
to  transmitter  frequency. 

Checking  of  pulling  or  shifting  in  frequency 
of  the  pulsed  oscillator  of  a  radar  transmitter, 
by  observing  the  spectrum  while  the  antenna  is 
in  motion. 

Measurement  of  standing  wave  ratios  by  us¬ 
ing  the  Spectrum  Analyzer  in  conjunction  with 
a  slotted  section. 

WRITE  FOR  DETAILED  SPECIFICATIONS 


I 


SYLVANIA^ELECTRIC 

Electronics  Diruion  .  .  .  500  Fifth  Avenue,  New  York  18,  N.  Y. 

MAKtHS  or  ELECTtONIC  DEVICES:  RADIO  TUBES.  CATHODE  RAT  TUBES;  fLUORESCEHT  lAUPS.  FIXTURES,  WIRING  DEVICES.  ELECTRIC  LIGHT  BULBS 


sues 
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Exclusive 
New  Type 
"LT" 

Cartridge 
Introduced 
by  Astatic 


FIG.  1 — Airborne  particlea  receiTe  a  poti- 
tire  charge  aa  they  paaa  through  this 
ionizer  unit 


stalled  in  the  Garden,  one  of  the 
largest  indoor  installations  in  the 
world  of  electrostatic  precipitators 
has  been  made. 

The  air  conditioning  system  in 
the  Garden  comprises  eight  indi¬ 
vidual  systems,  each  handling  67,- 
500  cu  ft  per  min,  or  a  total  of 
540,000  cu  ft  per  min.  The  precipi¬ 
tator  installation  also  comprises 
eight  units,  each  having  thirty  cells 
and  ionizers.  The  cross-section  area 
of  each  bank  of  precipitators  is  13 
by  15  feet.  These  are  installed  in 
the  duct  work  between  the  dehu¬ 
midifiers  and  the  fan  in  such  a  man- 


high  sensitivity,  excellent  reproduction, 
low  needle  noise  or  needle  talk,  and  low  needle  pres¬ 
sure  are  required  .  .  .  and  cost  economy  is  an  important 
factor  .  .  .  Astatic  earnestly  recommends  this  new  Model 
“LT"  Crystal  Cartridge. 

In  the  reproduction  of  high  frequencies,  this  cartridge  is 
noticeably  free  from  disagreeable  and  annoying  surface 
noise  or  needle  talk  .  .  .  thereby  providing  increased  tonal 
clarity  and  beauty  for  greater  phonograph  enjoyment. 

The  Type  "T"  Needle  employed  in  the  "LT"  Cartridge  is 
replaceable  and  is  furnished  with  an  "Electro  Formed" 
precious  metal  playing  tip.  Matched  to  the  Cartridge,  to 
give  permanent  Needle  performance,  this  new  Type  "T" 
Needle  is  the  only  one  that  can  be  used,  thus  assuring 
constancy  of  the  quality  of  reproduction  regardless  of  the 
number  of  times  the  Needle  may  be  replaced.  Special 
literature  is  available.  a 


FIG.  2 — PozitiTely  charged  particles  are 
deposited  on  these  negative  collector  plates 
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TUIES  AT  WOAK 


FIG.  3 — High-voltaqe  power  supply  for  the 
precipitator  units 


ner  that  all  of  the  air  supplied  to 
the  Garden  passes  through  the  elec¬ 
tronic  filters. 

In  the  electrostatic  precipitators 
installed  by  Raytheon  Manufactur¬ 
ing  Co.,  all  airborne  particles  are 
taken  through  an  electrostatic  field. 
These  particles  become  positively 
charged  and'  are  precipitated  onto 
negative  collector  plates.  In  this 
manner,  85  percent  of  all  particles 
as  small  as  4  x  10  *  inch,  a  size  that 
includes  smoke  particles,  are  ef¬ 
fectively  removed. 

Figure  1  shows  the  ionizer  sec¬ 
tion  of  one  precipitator  unit.  A  col¬ 
lector  unit  is  shown  in  Fig.  2,  and 
the  high-voltage  power  supply  in 
Fig.  3. 

Five  smaller  electrostatic  precipi¬ 
tator  installations  are  now  being 
placed  in  operation  in  the  air  con¬ 
ditioning  system  of  the  New  York 
Stock  Exchange.  Two  of  them  have 
been  in  operation  since  last  Novem¬ 
ber.  These  installations  handle  54,- 
000,  27,000,  22,500,  18,000  and  15,- 
000  cu  ft  per  min;  all  are  equipped 
with  precipitators  primarily  to  re¬ 
move  coal  dust  and  other  types  of 
dust  usually  prevalent  in  the  down¬ 
town  area  of  New  York. 


Fully  Housed 
Eloctric  Plants 

10KW-35KW 


dtorms,  floods  or  mechanical  breakdowns  may  interrupt  main¬ 
line  power,  but  radio  station  WING  of  Dayton,  Ohio,  stays  on 
the  air.  Its  dependable  Onan  Standby  Electric  Plant  is  always 
ready  to  take  over  the  power  load  in  event  of  power  failure, 
supplying  electricity  for  broadcasting  and  other  essential  uses. 

WING’S  35,000-watt  Onan  plant,  Model  35JT  is  built  for 
full-capacity  service,  powered  by  a  heavy-duty,  six-cylinder 
water-cooled  gasoline  engine.  This  complete  unit  is  equipped 
with  built-in  engine-instrument  and  A.C.  meter  panel.  Stream¬ 
lined,  compact  steel  housing  protects  plant  and  accessories. 
Low  in  first  cost,  the  Onan  plant  operates  economically  and 
requires  a  minimum  of  maintenance  during  idle  periods. 


PLANT  STARTS  AUTOMATICALLY 
WHEN  POWER  FAILS 

Within  seconds  after  a  b.-eak  in  mainline  power, 
the  Onan  Line  Transfer  Control  starts  the  standby 
plant  and  switches  its  power  onto  the  electrical 
system.  When  service  is  restored,  the  control  auto¬ 
matically  stops  the  plant.  The  built-in  rectifier,  a 
special  feature  of  Onan  controls,  keeps  batteries 
charged  at  all  times. 

ONAN  CICCTKIC  KANTS  art  avoilaU*  im  many  vn%  and  madnh-^ 
A.C.:  350  lo  35,000  Wattt  in  all  ttandard  voltagni  and  fr*4Ufiici«s, 
O.C.;  600  (e  15,000  Watti,  115  and  330  Volts.  Battnry  Clwgars: 
500  to  6,000  Watts,  6, 12.  32  and  115  Volts. 


Spectrophotometer  for  FBI 

By  using  a  recording  spectropho¬ 
tometer,  the  Federal  Bureau  of  In¬ 
vestigation  Laboratory  in  Washing¬ 
ton,  D.  C.  can  trace  cars  used  by 
hit-and-run  drivers. 

According  to  D.  J.  Parsons  of  the 
Laboratory,  in  a  General  Electric 
Science  Forum  talk,  the  clue  most 
helpful  to  the  investigators  is  in¬ 
formation  as  to  the  kind  of  car  in¬ 
volved. 

Frequently  the  clothing  of  the 
victim  struck  down  on  the  highway 
will  be  examined,  and  minute  speck.s 
or  smears  of  paint  from  the  auto- 


3544  Royaitton  Ave.,  Minneapolis  5,  Minn. 
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Junction  box  overstuffed  with  wire 
splices  wrapped  with  rubber  tape  and 
an  outside  wrap  of  friction  tape.  When 
these  bulky  splices  are  jammed  in  you 
really  have  an  overstuffed  junction  box. 


This  junction  box  has  the  same  num¬ 
ber  of  splices,  but  they  are  wrapped 
with  No.  33  "SCOTCH”  Electrical  Tape 
with  Vinyl  Plastic  Backing.  The  thinness 
of  the  tape  makes  the  difference  in  the 
bulk  of  the  wrapped  splices. 


If  your  junction  boxes  are  overstuffed 
with  splices  wrapped  with  rubber  tape 
and  friction  tape  switch  to 


COTCH 


BRAND 

WITH  VINYL  PLASTIC  BACKING 


For  Superior  Dielertric  and  Meriiankal  Protection 

With  an  overall  thickness  of  .007"  No.  33  "SCOTCH” 
Electrical  Tape  with  Vinyl  Plastic  Backing  has  a  dielectric 
strength  of  8000  volts.  OTHER  ADVANTAGES— high  stretch, 
flexibility  and  resistance  to  flame,  water,  oils,  acid,  alkalis. 

Write  for  a  free  sample  to  try  in  your  own  work. 
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THE  NEtV  FENWAl  ^ 

appliance  thermoswitch 

CONTROL 


Saf«  •Accural*  •  Long*Lasting  \ 

Tamptratur*  Control  For  All  \ 

Typ«s  of  Eloctrical  Appliances  \ 

The  unique  and  rugged  design  of  the  new\ 
Fenwal  Appliance  THERMOSWITCH  Control ) 
provides  a  heat  control  unit  that  will  withstand  1 
shock,  \ibration,  tampering  and  other  opera- J 
tional  hazards  that  lower  product  life . . .  and  J 
influence  buying  attitudes.  J 

Note  these  outstanding  features:  JM 

•  Torque  opplied  to  terminal  binding  posts  will 
shift  contact  support  members. 

•  Adjusting  screw  will  not  drift  under  normal 
tion. 

•  The  mounting  bracket  provides  for  side  or  bottonr 
mounting,  or  a  cross-mounting  bracket  is  available 
for  special  applications. 

•  One-piece,  welded  case  and  cover  assures  rugged, 
tamper-proof  unit . . .  stable  temperature  settings. 

TWO  DISTINCTLY  DIFFERENT  MODELS  FOR  HIGH 
AND  LOW  TEMPERATURE  RANGES 

The  Appliance  THERMOSWITCH  Control  is  avail¬ 
able  in  models  Mpecially  designed  for  both  high  and 
low  temperature  ranges.  The  high  temperature  model 
provides  control  over  the  wide  range  of  175*F.-600*F. 
The  low  temperature  model  provides  extremely  criti¬ 
cal  control  for  low  temperature  applications  Uirough- 
out  its  range  of  60*F.-250*F.  Each  model  assures  the 
highest  degree  of  efficiency  and  dependability;  both 
incorporate  the  outstanding  Fenwal  characteristics. 

- S  PECIFICATION  S - 

Overall  case  dimension:  high  x  wide  2^'  long. 

Moxiimim  Lood  Rotfcig:  1200  watts  on  1 10  volt  60  cycles. 
TEMPERATURE  RANGE: 

50*  F.  to  250*  F.  (Series  30003) 

175*  F.  to  600*  F.  (Series  30002) 
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1.  Expanding  stainless  steel  5.  Ceramic  Insuleting  But- 

ease.  tons. 

2.  Fine  silver  contacts.  6.  Precision  Ceramic  Loce- 

3.  Contact  Supporting  Mem¬ 
bers. 

4.  Low  expansion  metal 
bridge. 


7.  Stop  Collar. 

8.  Adjusting  Screw. 

9.  Terminal  Binding  Posts. 
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RUGGED  •  COMPACT  •  LIGHTWEIGHT 


There  is  a  Fenwal  THERMOSWITCH  Control  to 
meet  the  requirements  of  most  temperature  control 
applications.  Write  for  complete  information. 


FENWAL  INCORPORATED 

43  PLEASANT  STREET,  ASHLAND,  MASSACHUSETTS 
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TUBES  AT  WORK 


TUBES  AT  WORK  (continj.d) 

mobile  are  found  and  removed. 
The  ability  of  the  questioned  mate¬ 
rial  to  absorb  or  reflect  the  varioug 
colors  and  hues  of  the  visible  spec¬ 
trum  is  determined.  The  instru¬ 
ment  most  useful  in  this  procedure 
is  the  recording  spectrophotometer. 

The  results  of  the  analysis  are 
searched  in  the  National  Automo¬ 
tive  Paint  File  which  contains  the 
standard  samples  of  paints  and  fin¬ 
ishes  used  by  the  various  automo¬ 
bile  manufacturers  and  the  make  of 
the  car  is  determined. 


Instruments  Speed  Oil 
Refining 

The  most  advanced  techniques  of 
electronics,  pneumatics,  and  pyrom- 
•etry  are  being  incorporated  in 
modern  oil  refineries  to  obtain  prac¬ 
tical  operation  of  the  huge  refining 
units  being  built  for  continuous, 
mass  processing  of  tens  to  hundreds 
of  thousands  of  barrels  of  crude  oil 
daily.  Instrumentation  is  also 
achieving  the  lower  costs  that  go 
with  mass  production  in  refineries. 

An  instrument  nerve  system 
measures  and  automatically  regu¬ 
lates  the  pulses  of  speed,  volume, 
pressure  and  heat  in  every  refinery 
pipe  and  tower  and  enables  the 
handling  of  massive  forces  and 
volumes,  which  man  could  not  other¬ 
wise  control  with  the  necessary  pre¬ 
cision. 

Large  control  rooms  now  built 
into  each  major  unit  are  connected 
to  as  many  as  500  instruments  and 
control  points  throughout  the 
unit  as  in  the  case  of  the  Gulf  Oil 
Corp.  new  fluid  catalytic  cracking 
installation  at  Philadelphia. 

Varying  reactions  of  the  process 
are  conveyed  from  the  outside  in¬ 
struments  into  the  control  house 
where  recording  and  adjustment  of 
the  variations  is  effected  under 
the  eye  of  the  chief  operator,  either 
automatically  by  the  instruments, 
by  manual  instrument  control,  or 
by  communication  with  workers 
manning  the  installation.  Pneu¬ 
matic  lines  both  bring  in  the  in¬ 
strument  responses  and  activate 
process  adjustments  and  form  an 
elaborate  air  pressure  transmission 
system  developed  to  eliminate  haz¬ 
ard  of  fire  or  explosion  from  elec¬ 
tric  wiring. 

Low-voltage  electronic  amplifiers 


Precision-made  gears  . . .  small  and  medium  sizes ...  in  standard 
and  special  tooth  forms,  from  any  kind  of  material,  made  to 
your  exact  specifications.  Tolerances  within  .0005"'. 

Beaver  gears  are  used  in  well-known  makes  of  modern  products 
such  as  automobiles,  radios,  automatic  tuning  devices,  phono¬ 
graphs,  clocks,  timing  mechanisms,  motion  picture  projectors, 
chronometers,  gauges,  optical  equipment,  instruments,  machine 
tools,  and  many  others. 

Beaver  engineers  will  design  or  redesign  gears  to  meet  perform¬ 
ance  and  cost  requirements.  Send  us  your  blueprints  for  estimate. 


WriiB  Today  for  this 
PRCE  BULLETIN 

Describes  Beaver  Gear’s  facil¬ 
ities  and  methods;  also  includes 
table  of  gear  tooth  parts. 
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WCATION 


Sheet  Metal  Products  -  such  as-. 

INSTRUMENT  PANELS.  RADIO  COMMUNICA¬ 
TION  CASES  »nd  ENCLOSURES,  OSCILLATOR 
BOXES,  CHASSIS  and  CABINET  ASSEMBLIES. 
RACKS  and  SPARE  PARTS  BOXES,  WATER¬ 
PROOF  CABINETS  and  BOXES,  METAL  STAMP¬ 
INGS,  FORMING  and  WELDING  of  FERROUS 
and  NON-FERROUS  METALS. 
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We  specialize  in  ELECTRONIC,  RADIO,  TELE¬ 
VISION  and  COMMUNICATION  METAL  PROD¬ 
UCTS.  "Whistler  and  Wiedermann  Setups"  used 
for  economic  and  speedy  production. 
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We  can  assure  you  of  excellent  workmanship  and 
prompt  deliveries.  Send  us  your  blueprints  and 
specifications.  We  shall  quote  you  immediately. 


Our  additional  facilities  enable  us  to 
solicit  your  inquiries  reqarding  SCREW 
MACHINE  ITEMS  and  GENERAL 
MACHINE  SHOP  PRODUCTS. 
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TUIES  AT  WORK  (coirtinu.d) 

are  used  to  record  temperatures 
where  high  speed  recording  is  es¬ 
sential.  Absolute  safety  is  provided 
by  automatic  pre-alarma»  alarms, 
and  shut-offs  that  signal  the  oper¬ 
ators  when  any  part  of  the  compli- 
cated  processing  system  is  failing 
to  operate  according  to  set  condi¬ 
tions.  If  corrections  are  not  made, 
the  warning  device  automatically 
shuts  off  the  affected  installations 
before  a  danger  point  is  reached. 


Scorss  of  oloctronic.  pyromotric,  and  pneu¬ 
matic  instrumonte  are  mounted  on  the  ioui 
walls  of  this  air-pressurixed  control  room 
I  to  direct  500  control  points  in  the  giant  nee 
I  catalytic  refining  unit  built  by  Gulf  at 
Philadelphia 

In  the  early  days  of  the  oil  refin¬ 
ing  industry,  instruments  had  to 
be  read  and  the  process  adjusted 
at  points  located  about  the  stills. 
This  made  impossible  the  coordi¬ 
nated  picture  needed  for  large  op¬ 
erations  and  the  stills  sometimes 
could  not  be  kept  operating  up  to 
100  hours.  Today,  giant,  precision- 
directed  units  can  run  from  six 
months  to  as  long  as  a  year  in  some 
cases  without  interruption,  turning 
out  a  greater  volume  of  gasolines 
and  lubricants  than  ever  before. 

Devices  which  have  effected  the 
change  from  small  batch  operation 
to  mass  production  include  level 
controllers  to  chart  and  manipulate 
the  level  of  fluid  in  towers  and 
stills;  flow,  temperature,  and  pres¬ 
sure  indicators,  recorders  and  con¬ 
trollers  ;  interconnected  controls 
where  valves  are  operated  by  differ¬ 
ent  instruments  in  response  to  vary¬ 
ing  conditions;  and  special  scan¬ 
ning  graphic  pyrometers,  which 
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Sound  trucks  with  magnetic  wire  recorder-reproducers  mean 
better  annotmcements  with  less  personnel!  Here's  a  field 
that  will  net  some  aggressive  engineer  a  neat  piece  of  the 
profits  in  magnetic  recording.  Why  don't  you  investigate? 
Look  to  the  leader — Brush — for  the  finest  in  magnetic  wire 
recording  components! 


BRUSH  PLATED  WIRE 


Constant  plating  thickness  assures  uniform  signal. 

Correct  balance  of  magnetic  properties  assures  good  frequency  response 
and  high  level. 

Excellent  surface  finish  assures  low  noise  and  minimum  wear. 

Corrosion  resistant. 

Easy  to  handle — ductile — can  be  knotted. 


BRUSH  WIRE  RECORDING  HEADS 


Of  principal  interest  are  their  excellent  electrical  characteristics,  extreme 
simplicity  of  design  to  avoid  trouble,  and  the  "hum-bucking"  characteristics, 
which  reduce  the  effect  of  extraneous  magnetic  fields.  When  required,  the 
head  cartridge  alone  (pole  piece  and  coil  unit)  may  be  supplied  for  in¬ 
corporation  into  manufacturers'  own  head  structure. 

Write  today— 


DEVELOPMENT  COMPANY 


TUBES  AT  WORK  (eontinu.d) 

show  a  pattern  of  temperature  at 
a  glance. 


Technical  Data  on 
Electronic  Micrometer 


CiECUiT  diagram  and  construction 
details  of  the  electronic  micrometer 
first  described  in  this  department 
(Electronics,  July,  1947)  have 
now  been  made  available  by  the  Na¬ 
tional  Bureau  of  Standards.  This 
device  utilizes  the  variation  in  mu¬ 
tual  inductance  between  two  coils  in 
a  pickup  assembly  when  the  latter 
is  displaced  from  a  fixed  metallic 
surface,  to  obtain  a  linear  thick¬ 
ness-measuring  characteristic. 

Such  a  micrometer,  designed  to 
measure  insulation  thickness,  is 
shown  in  Fig.  1.  The  instrument 
has  two  full-scale  ranges :  0  to  0.005 
inch,  and  0  to  0.05  inch.  Accuracy 
is  better  than  0.00005  inch  on  the 
low  range  and  0.0005  inch  on  the 
high  scale.  With  suitable  meter 
multiplier  resistances,  displace¬ 
ments  in  the  order  of  lO**  inch  have 
been  measured,  although  this  is  by 
no  means  the  limit  of  sensitivity  of 
this  method  of  measurement 


Probe  Coil  Assembly 


Experimental  investigation  was 
made  of  the  effect  of  probe  coil 
geometry  on  the  linearity  of  the  dis¬ 
placement  characteristic.  For  a 
fixed  primary  and  movable  second¬ 
ary  coil  having  the  same  diameter, 
it  was  found  that  the  mutual  induct¬ 
ance  increased  linearly  as  displace¬ 
ment  values  changed  from  zero  to 


FIG.  1 — ^El«ctroidc  micromatw  maosurM 
change  in  coupling  botwoon  piobo  colli 
cauied  by  diiplocoment  oi  probo  irom 
metallic  reference  surface 
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Engineers  and  Designers  who  in 
pendable  components  have  ada^c^CA 
Selenium  Rectifiers  into  their  circuits. 
They  are  specifying  SCA  products,  and  are 
submitting  their  rectifier  problems  to  us. 
Our  greatly  expanded  plant  facilities,  plus 
the  recognized  dependability  of  SCA  prod¬ 
ucts,  make  it  possible  for  us  to  offer  the 
most  complete  line  of  Selenium  Rectifiers 
and  self-generating  Photoelectric  Cells.^ 


PHOTOELECTRIC  CELLS 


SELENIUM  eORPORATION  OF  AMERICA 


Affiliate  oi  I  C  K  E  R  *  Incorporoted 

31*0  EAST  IMPERIAL  HIOHWAY  •  EL  SEOUNDO,  CALIFORNIA 

EXFOtT:  Fratar  A  Honten,  ltd..  Ml  Cloy  St..  Son  FrofMiMO  11.  Calif. 
Coflodo;  Fewcftronic  Equipment  ltd.,  494  Kinq  $t.,  E.  Terenie  3,  Conoda 
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TUIES  AT  WORK 


(continuad) 


PRIMARY  SLOT 


FIG.  2 — Cross  section  oi  probe  coil  ions 


about  5  percent  of  the  coil  diameter. 

The  most  advantageous  mechan¬ 
ical  design  for  the  probe  coil  assem¬ 
bly  necessitated  the  use  of  fixed 
windings  on  a  single  form.  With 
thid*  restriction  on  mechanical  de¬ 
sign,  it  was  found  that  the  optimum 
displacement-measuring  character¬ 
istic  was  obtained  by  making  the 
windings  concentric  and  coplanar, 
with  the  diameter  of  one  winding  70 
percent  of  that  of  the  other.  The 
primary  exciting  coil  consists  of  8 
turns  of  No.  26  enamelled  copper 
wire;  the  secondary  coil  has  55 
turns  of  No.  38  enamelled  wire.  The 
high-current  exciting  coil  is  wound 
with  the  larger  diameter  because  of 
its  greater  heat-dissipating  area. 
A  cross  section  of  the  coil  assembly 
is  shown  in  Fig.  2. 

The  transfer  characteristics  of 
the  probe  coil  system  can  be  repre¬ 
sented  by  a  single  mutual  induct¬ 
ance  if  resonance  effects  are 
avoided.  Non-resonant  operation  is 
desirable  for  precision  applications 
because  of  its  independence  of  oper¬ 
ating  frequency  and  lower  coil 
losses.  Operation  at  frequencies 
below  resonance  may  not  be  satis¬ 
factory  because  harmonics  of  the 
exciting  frequency  may  be  accentu¬ 
ated,  possibly  causing  distortion  of 
the  linear  relation  of  output  voltage 
with  displacement.  To  keep  the 
resonant  frequency  as  high  as  pos¬ 
sible,  the  rectifier  is  mounted  di¬ 
rectly  on  the  probe  coil  form.  A 
simple  low-pass  filter,  consisting  of 
a  series  resistor  and  the  shunt 
capacitance  of  the  diode  rectifier, 
has  been  found  to  reduce  the  reso¬ 
nance  rise  to  negligible  proportions. 

Oscillator  and  Control  Circuits 

The  primary  winding  of  the 
probe  assembly  is  driven  by  a  3-mc 
oscillator  shown  schematically  in 
Fig.  3.  A  feedback  network  con¬ 
trols  the  oscillator  screen  voltage  so 


MODEL  59  APPLICATIONS 


•  For  the  determination  of  the  resonant  frequency  of 
tuned  circuits,  antennas,  transmission  lines,  by-pass 
condensers,  chokes  or  any  resonant  circuit. 

•  For  measuring  capacitance,  inductance,  Q,  mutual 
inductance. 

•  For  preliminary  tracking  and  alignment  of  receivers. 

•  As  an  auxiliary  signal  generator;  modulated  or 
unmodulated. 

•  For  antenna  tuning  and  transmitter  neutralizing, 
power  off. 

•  For  locating  parasitic  circuits  and  spurious  resonances. 

•  As  a  low  sensitivity  receiver  for  signal  tracing. 

Descriptive  Circular  on  Request 


C»pK«» 
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YOU  GET  QUALITY  PLUS  ENGINEERING  SERVICE  WITH  G-E  PERMANENT  MAGNETS 


0«n*ral  ■•ctrk's  naw 
parmanant  magnat 
nMtarlait  oraMndlng  wMa- 
•praad  oppUcatlen  In  In- 
dwitry.  Hara't  tha  stary 
•n  tha  CUNiri  "Ian  trap" 
for  tha  tan-lneh  0-1  eath- 


Two  ring-shaped  G-E  permanent  magnets  made 
of  ductile  CUNIFE  are  now  used  on  cathode-ray 
tubes  to  help  eliminate  the  troublesome  ion  spot  on 
the  direct  view  television  screen.  When  mounted  in 
the  correct  position  on  the  tube  neck  surrounding 
the  electron  gun,  these  CUNIFE  rings  supply  the 
magnetic  field  which  deflects  the  electrons  out  of 
the  ion-electron  stream.  The  deflected  electrons 
are  thus  rapidly  returned  to  their  original  course 
while  the  massive  ions  are  “trapped”  and  do  not 
strike  the  tube  screen. 

In  addition  to  ductile  CUNIFE  permanent  mag¬ 
nets,  General  Electric  also  offers  ductile  CUNICO 
and  SILMANAL  which  greatly  extend  magnet  de¬ 
sign  possibilities.  Other  G-E  permanent  magnet 
materials  include  many  grades  of  CAST  and  SIN¬ 


TERED  ALNICO  and  lightweight  VECTOLITE. 

Let  us  help  you  with  your  magnet  application 
problems.  General  Electric  engineers,  backed  by 
years  of  research  and  magnet  design  experience, 
are  always  at  your  service.  Metallurgy  Division, 
Chemical  Department,  General  Electric  Company, 
Pittsfield,  /Mass. 


AMNOUNCINO  .  .  .  ■  NIW  atonttertl  Ibi*  •«  0-1  ALMCO 
parmanaat  mognot  HOLDING  ASSIMU.IIS.  Thar*  ora 
hwnitra4a  of  pla«»s  In  th*  factory,  star#,  homo  and  wark« 
■liop  whoro  thoso  fMwarful  magnoHc  davicas  can  bo  mod 
to  odvcMitogo.  For  cootplaf  dotoito,  aond  for  oar  now 
bwHotln. 


METALLURGY  DIVISION,  Sac.  FA-II  ^ 
CHEMICAL  DEPARTMENT  ^ 

GENERAL  ELECTRIC  COMPANY  V 

PITTSFIELD,  MASS.  ' 

Please  send  me 

□  "G-f  Permanent  Magnet  Holding  Assemblies' 
D  "G-E  Permanent  Magnets" 

NAME  . T 

COMPANY . . . 

ADDRESS  . . . 

CITY . , . 


PERMANENT 

MAGNETS 

general! 


STATE 


ELECTRIC 


C1M7-JA7 


ELECTRONICS  — Noremi>ef,  1947 


TUIES  AT  WORK 


(contlnutd) 


Signal 

re^ifier 


CATHOOEt 
FOLLOWER  I 


CURRENT 

PRIMARY- 


22,000 

0002^ 


I  MEG 

-REFERENCE 

RECTIFIER 


'  THf 
HUMT  tW. 
CARLtSLC 

rviNKA.' 

C«-T 


FIG.  3 — Changes  in  probe  coil  coupling 
produce  ▼ariations  In  rectified  output  oi 
seeondary  winding.  These  ore  measured 
by  microommeter  to  giee  readings  of  thick¬ 
ness.  Reference  rectifier,  d-c  amplifier,  and 
cothode  follower  form  feedback  network 
controlling  oscillator  screen  Toltage  to  give 
procticony  constant  output 


HUNT  Crystals 


that  the  oscillator  ser^'e3  as  a  con¬ 
stant-current  source.  Since  the  in¬ 
strument  monitors  current  in  the 
secondary  winding  of  the  probe 
rather  than  the  voltage  across  this 
winding,  changes  in  lead  length  and 
in  copper  resistance  have  no  effect 
upon  the  scale  factor  of  the  output 
of  the  probe. 

To  supply  as  much  power  as  pos¬ 
sible  to  the  exciting  coil,  and  to  re¬ 
duce  the  number  of  tuned  elements, 
the  exciting  winding  forms  part  of 
the  oscillator  plate  tank  inductance. 
The  remaining  inductance  is  ob¬ 
tained  from  the  plate  winding  of  the 
oscillator  feedback  transformer. 
This  transformer  is  wound  on  a 
i-inch  form  and  consists  of  a  5-tum 
grid  winding  of  No.  24  enamelled 
copper  wire  over  a  50-turn  plate 
winding  of  No.  30  enamelled  ssc 
wire. 

The  combination  of  exciting  coil, 
primary  winding  of  the  current 
transformer,  and  tank  capacitor, 
form  a  parallel-resonant  circuit. 
This  design  requires  the  oscillator 
tube  itself  to  furnish  only  a  small 
fraction  of  the  current  in  the  probe 
exciting  coil. 

Voltage  from  the  secondary  of  the 
current  transformer  is  rectified, 
compared  to  the  d-c  potential  across 
a  voltage  regulator  and  fed  to  the 
d-c  amplifier.  Through  a  cathode 
follower,  this  amplifier  controls  the 
screen  voltage  of  the  oscillator  tube. 
This  regulator  feedback  circuit  has 
a  loop  gain  of  the  order  of  100,  so 


Accuracy  and  dependaim«ty=^aiii^  as  light  weight  and  compactness 
—are  "musts*'  when  it  comes  to  /xy%Xd\  units  for  aircraft  communica¬ 
tions  . . .  that’s  why  so  many  c^ifiercial  airlines  throughout  the  world 
are  equipped  with  high  stabiKty,  reliable  Hunt  Crystals. 


AERONAUTICAL  RADIOT  INCORPORATED,  develops  and  coordinates 
radio  communicatioiyr  for  major  airlines  all  over  the  country.  Close 
cooperation  betweew-AKlN^'md  Hunt  engineers  brought  about  the 
development  of  specially  ^igned  CR-7  Hunt  Crystal  Units  with  a 
tolerance  of  t005%  over  if  temperature  run  from  -55“C  to  -SO^C. 


In  the  air  or  on  the  g^und,  wherever  your  sets  operate . . .  Hunt  Crystal 
Units  assure  better  ^ults.  For  the  crystals  you  need,  call  or  write  us  today. 


CORPORATION 


CARLISLE,  PA 
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^  CATALOG  DATA  BULLETIN 


BT 


J  .  £■ 


< 


BW 


1^- 
Er  . 


TYfl  BT  MnALLinD  MSUUTED  REStSTOfiS 

IRC's  Metallized  filament  principle  and  the  uniquaco 
itniction  of  Type  BT  Resistors  insures  low  operating  t« 
peratures  with  good  wattage  dissipation  in  small,  stun 
light  weight,  fully  insulated  units.  The  BT  design  alsor 
vides  exceptionally  low  noise  level  and  maximum  pro 
tion  against  humiaity. 

GENERAL  5  P  E  C  I  F I C  A  T 1 0  N 
STAND'ARD  RESISTANCE  VALUEI 

U  kaaping  with  th*  trand  toward  ttandardixation  of  titcfra 
eomponants,  Typa  BT  Rasistort  ara  wppliad  only  in  Hi 
(Radio  Manufaeturars'  Association)  Prafarrad  Rasistsncs  lUi^ 
subiact  to  minimum  and  maiimum  valuas  listad  for  ncIi 
RMA  Rangas  ara  idantical  to  Joint  ArmyNavy  War  Stm 
Rangas. 

COLOR  CODING:  IDENTIFICATIOI 

BT  Rasistors  ara  natural-bakalita  color,  non>glois  surfac*,  ««j 
Rasistanca  valuas  ara  indicatad  by  standard  RMA  Color 
Bands.  Bacausa  of  thair  small  siza,  it  is  not  practical  to  pj 
special  stamping. 

TOLERANCES.  ±:  10%  standard.  Availablo  in 

^  10  %  and  ±:  20%  tolaranca. 

TEMPERATURE  COEFFICIENT,  n.... 

tura  coalficiant  of  Typa  BT  Rasistors  varies  from  0.02%/-C 
low  ranges  to  O.I4%/*C  for  high  rangas.  The  low  temper 
coafBciants  qualify  Typa  BT  Rasistors  under  JAN>R-II  Resist 
Temperature  Characteristic  "F",  which  is  tha  batter  of  tW 
grades  of  specified  rasistanca-tamparatura  characteristia 
BT  Rasistors  also  successfully  undergo  tha  Temperature  C 
test  of  JAN-R-i  I. 

VOLTAGE  COEFFICIENT.  Varies  from  0.0^ 

0.027%  par  volt,  depending  upon  range  and  siza  of  resistor. 
BT  typa  fulfills  tha  voltage  coefficient  requirement  of  Hi 
plicabla  JAN-R-I  I  specification. 

NOISE  LEVEL  Because  of  tha  inherent  faaturei  o' 
Metallized  filament  and  tha  low  rasistanca  contact  of  Type 
Rasistors,  noise  level  is  uniform  and  consistently  low. 

OVERLOAD.  50%  to  100%  overload  may  be  aJ 
with  nominal  changes  and  return  to  initial  value.  Five-M 
overloads  of  2.5  times  rated  load  (double  mazimurn  corHis 
working  voltage  in  tha  higher  rangas)  also  result  in  ne^lip 
resistance  change. 

AGING.  The  pre-curing  and  stabilizing  of  tha  BT  fla 
eliminates  to  a  vary  large  degree  the  aging  problem. 

INSULATION  BREAKDOWN  VOLTAl 

All  BT  Resistors  are  conservatively  rated,  and,  in  sH 
ratings  fulfill  JAN-R-I  I  requirements. 

HIGH  ALTITUDE  FLASHOVER. 

sistors  do  not  flash  over  when  subjected  to  the  JAN-R-H* 
,  Altitude  Flashover  test. 

VIBRATION.  BT  Resistors  show  a  resistance  cbi«t 
leM  than  the  JAN-R-I  I  permissible  mazimurn  of  1% 

•  5-hour  vibration  test. 


TYPE 


BTR 


{%  WAH)  mTAiLinD  msuunD  resistor 


*2  —8 


POWER  ANO  VOLTAGE  RATING:  t/t  watt  (at  40X.  ambiant)  STANDARD  RESISTANCl  VALUES:  Minimum,  470  ohms; 

.  .  .  2S0  volts  manmum  continuous  voltaga.  Saa  Derating  *  maiimum,  22  megohms.  Higher  values  on  special  order. 

C«V„,  p.9.  4  «.r  l.i,h.r  .mbi..*.,  TIMri»ATUII  MSI:  At  r.«„.  40*0.  (At 

insulation  RRRAKDOWN  VOLTAGE:  SOO  volts  to  ground.  rating,  30*C.) 


TYPE 


BTS 


('A  WAH)  METALLIZED  INSUUTED  RESISTOR 


.  I*' 


11'  ,  1' 

'y-F 


POWER  AND  VOLTAGE  RATING:  1/2  watt  (at  40X.  ambient)  STANDARD  VALUES:  Minimum,  470  ohms;  maximum,  22  meg. 

.  .  .  350  volts  maximum  continuous  voltaga.  See  Derating  ohms.  Higher  values  on  special  order. 

Curves,  page  4  for  higher  ambients. 

nurtUTUH  IISI  at  IATIS  IOAO:  45-C.  IHSMlATIOt.  UfAXDOWN  VOlTASi:  750  ..b.  h  ,,.-.4. 


TYPE 


BTA 


19  “ft 


( 1  WAH)  METALLIZED^  INSULATED  RESISTOR 

" _ ...  23" _ _ n'vr _ ^ 

1  *r  ^9  *T^  19  ft  \ 


POWER  AND  VOLTAGE  RATING:  I  watt  (at  40X.  ambiant)  STANDARD  RESISTANCE  VALUES:  Minimum.  330  ohim; 
.  .  .  500  volts  maximum  continuous  voltage.  See  Derating  Maximum,  22  megohms.  Higher  values  on  speciel  order. 

57.-C.  IH5UIATION  NIAKDOWH  TOITAM:  >000  ..IH  t, 


TYPE 


BT-2 


( 2  WAH)  METALLIZED  INSULATED  RESISTOR 


.  ir+r 

I9  “P 


_liM' 
I9  “ft 


POWER  AND  VOLTAGE  RATING:  2  watts  (at  40X.  ambient)  aa-  •  l 

.  .  .  500  volts  maximum  continuous  voltage.  See  Derating  STANDARD  ^RESISTANCE  yALURS:  Minimum,  ^^70^  ohms; 
Curves.  paga4,  for  higher  ambients.  Maximum.  22  megohms.  Higher  values  on  special  order. 

temperature  rise  at  rated  LOAD:  62X.  INSULATION  RREAKDOWN  VOLTAGE:  1000  volts  to  ground. 


IRC  TYPE  BT  resistors! 

CONSTRUCTION 


PHamcnt 

TyM  Roll  tone* 


Ratings  of  Type  BT 
aro  basod  on  on 
ambient  tempera¬ 
ture  of  40‘’C.  Ambi¬ 
ent  conditions  as 
well  as  voltage  rat¬ 
ings  and  actual 
power  requirements 
should  be  consid¬ 
ered  when  deter¬ 
mining  the  proper 
size  of  resistor  for 
any  application. 
When  BT's  are  used 
at  ambient  temper¬ 
atures  exceeding 
40°C.,  load  should 
not  exceed  that  in* 
dicated  by  the  JAN-R 
Derating  Curve  re* 
produced  here. 


IRC  Matched  Pairs— 4wo  resistors  matched  in  series 
or  Mrallel  to  as  close  as  1%  initial  accuracy  provide 
a  dependable  low  cost  solution  to  dose  tolerance  re¬ 
quirements. 

Both  IRC  BT  Insulated  RIament-type  resistors  and  type 
BW  Insulated  Wire  Wounds  are  available  in  Matcned 
Pairs.  Tolerances  from  ±:  5%  to  ±:  1%  can  be 
furnished.  They  are  supplied  random  color  coded  or 
unmarked,  and  neld  together  for  shipping  by  a  paper 
band  upon  which  is  noted  the  resistance  value  and 
tolerance,  or  any  two  digit  part  number. 

IRC  Matched  Pain  are  widely  used  as  meter  multi¬ 
pliers,  and  in  many  other  dose  tolerance  applications 
where  low  cost  is  an  important  factor.  Wnen  order¬ 
ing,  the  higher  ohmic  values  should  be  specified  to  be 
matched  in  series  and  the  lower  values  in  parallel. 

Due  to  temperature  coefRcients  and  possible  varia¬ 
tions  in  resistance  value  as  a  result  of  testing  condi¬ 
tions,  type  BT  Matched  Pairs  are  not  returnable  for 
out-of-tolerance  measurement  unless  variations  exceed 
—  ^1/2%  nominal  value. 

NOTE:  Matched  Pairs  should  not  be’  soldered  doser 
than  l/i"  from  body  of  the  resistors,  mounted  against 
any  heat  dinipating  component,  or  used  at  fuH  rating 
of  the  resistors — as  any  one  of  these  conditions  nray 
force  the  resistors  out  of  tolerance. 


AMBIENT  TEMPERATURE 
T  Y  P I  IT 

(DEGREES  CENTIGRADE) 


STANDARD  VALUES  TYPES  BT  AND  BW 

(In  accordance  with  JAN-H-11  and  HM  A  P  raft  rad  Katitlanca  Volwtt) 


Bocoum  of  ganarol  odoption  of  these  values,  it  has  become  necessary 
to  starvkirdize  all  Type  BT  andBW  production  or>d  stocks  on  JAN-R-tl 
volues.  Available  rar>ges  for  each  type  of  BT  and  BW  Resistor  art 
limited  by  the  minimum  and  maximum  values  listed  for  eoch  type. 


ParalM  Mafchad  Pairs 

Typa  fAinimvm  tedsfonce  A4exfiiiswi  Redifonce 

BW-V4  5  Ohms  410  Ohms 
BW-1  2.5  Ohms  2550  Ohms 

BW-2  3.75  Ohms  4100  Ohms 


1.S00 


235  Ohms  10.0  Megohms 

165  Ohms  10.0  Megohms 

235  Ohms  10.0  Megohms 

Seriee  Mofcfied  Pairs 

Minimum  Redduce  Maximum  Redslance 

20  Ohms  1640  Ohms 

10  Ohms  10,200  Ohms 

15  Ohms  16/400  Ohms 

940  Ohms  40.0  Megohms 

660  Ohms  40.0  Megohnts 

940  Ohms  40.0  Megohms 


274MW 


■  (llluttrations  Actual  Size) 


Type  BW- 


f 


Type  BW.2 


GENERAL  SPECIFICATIONS  AN.D  CHARACTERISTICS 


TOLERANCES.  ±  I0y»  it  standard.  Values  above  10 

ohms  available  in  ±  5%  tolerance.  For  closer  tolerance  require¬ 
ments,  see  peraqreph  "Matched  Peirs." 

COLOR  CODING;  IDENTIFICATION. 

Type  BW  Resistors  ere  dark  brown  in  color,  with  a  waxed,  non- 
plots  surface.  Resistance  values  indicated  by  standard  RMA 
Color  Code  bands.  It  it  not  practical  to  provide  special  stamping 
because  of  their  small  tise. 

STANDARD  RESISTANCE  VALUES. 

RMA  Preferred  Ranges,  subject  to  minimum  and  maximum  values 
at  listed  for  each  BW  type. 

NOISE.  Negligible. 

HUMIDITY.  Designed  to  withstand  abnormal  atmospheric 
conditions. 

OVERL9AD.  S0%  to  100%  overloads  may  be  applied 
with  negligible  changes  and  return  to  initial  value. 

AGING.  Negligible. 

DERATING 


Ratings  of  Type  BW 
Resistors  ore  based 
on  on  ambient  tem¬ 
perature  of  dO^C. 

When  BW's  are  used 
at  ambient  tempera¬ 
tures  exceeding 
40°C.,  load  should 
not  exceed  that  in¬ 
dicated  by  the  J  AN-R 
Derating  Curve  re¬ 
produced  here. 

FREQUENCY  CHARACTERISTICS,  n.:,. 

ductance  of  BW  Resistors  is  relatively  low,  nnaking  them  suitable 
for  use  at  carrier  frequencies.  The  following  table  gives  the  approxi¬ 
mate  inductance  for  maximum  and  minimum  resistanca  values. 


AMIIENT  TEMPERATURE 
TYPE  t  W 
(osaifts  ciNTiacAMi 


TYPE 

Minimum 

Resistance 

Approx. 

Inductance 

in 

Microhenries 

Maximum 

Resistance 

Approx. 

Inductance 

in 

Microhenries 

BWS 

1.0  Ohm 

0.08  mh. 

300  Ohms 

1 .3  mh. 

BW.1/2 

0.24  Ohm 

0.02  mh. 

820  Ohms 

4.02  mh. 

BW-I 

0.47  Ohm 

0.20  mh. 

5100  Ohms 

60.0  mh. 

BW.2 

1.0  Ohm 

0.50  mh. 

8200  Ohnts 

115.0  mh. 

Type  BWS 

NOTE:  Type  ttVS  will  not  be  arailabim  for  genero/  use  during 

the  war.  Samplos  uipplind  for  postwor  designs  upon  rnquosf. 

POWER  RATING:  1/4  weH  (at  40°C.  ambient). 

DIMENSIONS:  Length  ii".  Diameter  */•".  Lead  length  I*/]". 
±  Lead  diameter  0.032". 

TEMPERATURE  RISE  AT  RATED  LOAD:  30°C. 

STANDARD  RESISTANCE  VALUES:  Minimum.  1.0  ohm,  Maxi¬ 
mum,  300  ohms. 

Type  BW.V2  . 

JAN-R-lM  TYPE:  RU3.  POWER  RATING:  V2  waH  (at  40°C. 
ambiant). 

DIMENSIONS:  Length  Diameter  3/16".  Lead  length  l|/2"i 
±  */l".  Laad  diameter  0i)32". 

TEMPERATURE  RISE  AT  RATED  LOAD:  50°C. 

INSULATION:  700  volts  breakdown  to  ground. 

STANDARD  RESISTANCE  VALUES:  Minimum,  0.24  ohm.  Maxi¬ 
mum,  820  ohms.  JAN-R-1M:  Maximum,  420  ohms. 

.  Type  BW-1 

JAN-R-1t4  TYPE:  RU4.  POWER  RATING:  I  watt  (at  40*C. 
ambient). 

DIMENSIONS:  Length  I 'A".  Diameter  1/4”.  Lead  length  Wl". 

Lead  diameter  0.036". 

TEMPERATURE  RISE  AT  RATED  LOAD:  65<’C. 

INSULATION:  1000  volts  breakdown  to  ground. 

STANDARD  RESISTANCE  VALUES:  Minimum,  0.47  ohm.  Maxi-' 
mum,  5100  ohms.  JAN-R-1t4:  Maximum,  2200  ohms. 

Type  BW-2 

JAN-R-1M  TYPE:  RU6.  POWER  RATING:  2-watts. 

DIMENSIONS:  Length  l%".  Diameter  H".  Lead  length  I'/]”- 
±  l/g".  Lead  diameter  0.036". 

TEMPERATURE  RISE  AT  RATED  LOAD:  90°C. 

INSULATION:  1000  volts  breakdown  to  ground. 

STANDARD  RESISTANCE  VALUES:  Minimum,  1.0  ohm.  Maxi¬ 
mum,  8200  ohms.  JAN-R-184:  Maximum,  3300  ohms. 

TEMPERATURE  COEFFICIENT.  To  cover  a 

wide  range  of  resistance  values,  it  is  necessary  to  use  several 

different  wire  alloys,  which  have  different  temperature  coeffi¬ 
cients,  as  indicated  by  the  following  table. 


TYPE 

0.12%/X 

0.038%/X 

0.002%/X 

0.017%/X 

BWS 

1.0  Ohm 
to 

3.0  Ohms 

3.3  Ohms 
to 

10.0  Ohms 

1 1  Ohms 
to 

300  Ohms 

BW.1/2 

0.24  Ohm 
to 

0.75  Ohm 

0.82  Ohm 
to 

5.1  Ohms 

5.6  Ohms 
to 

820  Ohms 

BW-I 

0.51  Ohm 
to 

I.IO  Ohms 

1 .2  Ohms 
to 

3.6  Ohms 

3.9  Ohms 
to 

36.0  Ohms 

39.0  Ohms 
to 

5100  Ohms 

BW.2 

1.0  Ohm 
to 

2.0  Ohm« 

2.2  Ohms 
to 

6.8  Ohms 

7.5  Ohms 
to 

51.0  Ohms 

56  Ohms 
to 

8200  Ohms 

r  I 

i  = 
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CATAtOG  DATA  BULLETIH 


CONTACTS 

All  parts  making  fixed  pressure  contact  ^ 
ver  plated  to  prevent  corrosion. 

CONNICTOR 

Permanent  connection,  is  established  bt 
tween  contactor  and  terminal  with.siltai 
spiral  spring  connector — an  exclusive 
feature.  This  advanced  form  of  design  A 
minates  sliding  metal-to-metal  cont«h 
thus  removing  the  most  troublesome  sours 
of  control  noise. 


THRUST  WASHiR 

Coil  spring  thrust  washer  eliminates  thii 
wobble  and  '^end  play.” 

CHARACTERISTICS 

AOIINO 

Control  element  is  aged  during  processci 
thus  minimizing  change  during  service  tt 
or  2%. 

WEAR 

Average  variation  is  6%  after  25,000  roii 
tions — slight  increase  in  percentage  u  r- 
tations  increase. 

HUMIDITY 

Exposure  to  most  humid  climatic  condit^ 
for  long  periods  causes  positive  chsnfti 
rangre  of  approximately  10%.  Control^ 
turns  to  initial  value  upon  drying. 

NOISE 

Silent  Spiral  Spring  Connector  and  Fh* 
Fingrer  Contactor  reduce  contact  noise  tei 
negligible  minimum. 


Imporfanf  information  for  Engineering  end  Purchasing  Oepts.  Please  file  with  your  IRC  Catalog 
INTIRNATIONAL  RiSISTANCi  COh  401  N.  OtmO  PWedelpMe  0.  Pik.  U.  S.  A. 

In  Canada:  International  Resistance  Co.,  Ltd..  Toronto.  Lieaatat 


CONSTRUCTION 


RESISTANCE  ELEMENT 

Resistance  material  permanently  bonded  U 
bakelite  base  by  carefully  controlled  beat 
treatment  process,  resulting  in  R  aHVjOtK 
motsture-proof  resistance  element  of  excel, 
lent  stability. 


ASE 

Highest  grade  molded  bakelite. 


CONTACTOR 

Exclusive  IRC  five-finger  contactor  consist 
ing  of  five  tinned  phosphor  bronze  spriig 
wires.  Each  finger  operates  independent!: 
on  “knee-action”  principle,  assuring  poe> 
tive  uniform  contact.  Contactor  surfaces 
are  rounded  and  smooth,  minimizing  nois 
and  wear. 


TEMPERATURE  COEPPICIENT 

.02%/ *C.  to  .06%/  "C. 


>onded  U 
lied  he»{ 
.  smooth, 
of  excel. 


>r  consist. 
M  spriof 


RIVMT 


-  SWITCH  - 
I  RHP -250  V. 

3  RHP-  I  25  T. 

,OHHP*«»  V.  POP  OMTO  USft 


COCPTIMOi  UU^ 


wioo-)^  LON^  OH  ^  nno. 


POP  PLMTS  OH  SHfSPTS  Li^IPaCj 

SPtciPY  B  *1  C  j 


LOP  T^'-.  - 

TOHM.  COMTOH 
TEWM. 


Dual  Control:  Depth  from  Mounting  face 
Triple  Control:  Depth  from  Mounting  face 

STANDARD  TAPERS 


Without  Switch 

lA 

IH 


k 

With  Switch 

IH 

IH 


^  10 
SWITCH 


0  10  20  io  40  SO  60  70  80  90  100 

LEFT  ^  right 

terminal  Percent  of  Rotation  Clockwise  terminal 

^ 


Special  Tapers  Available — 

Only  Linear  Taper  below  500  ohms. 

ITCH 

Standard  S.P.S.T. 

Special  D.P.S.T. 

CATING  PINS 

One  pin  standard — two  or  none  as  specified. 


GANGED  CONTROLS 

Type  D  S  may  be  ganged  in  any  combination 
required. 

CONCENTRIC  DUAL  CONTROLS 

Available  with  outer  shaft  controlling  panel. 

RESISTANCE  VALUE 

200  ohms  to  10  megohms. 

TOLERANCES 

±:  20%  standard;  ±:  3%  Rotational  Toler¬ 
ance. 

POWER  DISSIPATION 

%  watt  over  entire  element. 

ROTATION 

300°  Standard. 

SHAFT 

diameter — length — Dim.  A  as  required — 
Screw  Driver  Slot  —  Flats,  etc.,  available — 
Standard  material  Brass. 

RUSHING 

Brass  —  diameter  %"  thread,  32  per  inch — 
Standard  length  special  and  %*. 

TAPS 

One  or  two  available  as  required — Standard 
tap  l(x»tion:  35%,  50%,  65%. 

COVER 

Cover  Grounded  to  Bushing. 


2  WATT 
RHEOSTAT- 
POTENTIOMETER 


Th«  IRC  Type  W  Control  is  designed  for  long, 
pendable  service  and  balanced  performance  in  every 
characteristic.  A  2  watt  variable  wire  wound  unit, 


this  control  provides  maximum  adaptability  to  most 
rheostat  and  potentiometer  applications  within  its 
power  rating.  It's  small  II/4"  by  9/16"  design  features 
the  exclusive  IRC  spiral  spring  connector,  a  long-wear* 
ing  alloy  contactor,  and  welded  connections  between 
resistance  element  wire  and  terminals. 


maximum  heat  dissipation  as  well  as  protection  againti 
dust  and  mechanical  damage.  Effects  of  humidiiy, 
temperature  and  aging  are  negligible. 


The  Type  W  Control  is  widely  used  in  many  electronic 
applications,  and  with  center  tap  is  particularly  suited 
for  television  receivers  as  vertical  and  horizontal  cen¬ 
tering  control. 

The  highest  grade  alloy  wire  is  wound  with  uniform 
spacing  and  tension  on  specially  treated  bakelite  to 
form  a  precision  resistance  element.  Element  is  se¬ 
curely  seated  in  grooved  bakelite  base.  Contactor 
slides  on  edge  of  element  which  prevents  loosening  of 
wire.  Compact  construction  insures  efficient  electrical 
and  mechanical  operation  even  when  subjected  to 
severe  vibration. 

Combination  metal  and  bakelite  housing  provides 


CHARACTERISTICS 

RESISTANCE  VALUES.  2  ohms  to  10,000  ohms. 

TOLERANCES.  ±  10%  standard;  ±  5%  availabk 
at  extra  cost. 

POWER  RATING.  2  watts.  This  rating  allows  70°C 
temperature  rise  at  hottest  spot  on  winding  from  i 
25°C.  ambient  temperature. 

TAPS.  One  tap  is  available  at  either  of  the  follow^ 
positions:  40yo.  SOy,!  or  60%  of  electrical  rofatiflfc 

TAPERS.  Linear  taper  is  standard.  Tolerance  linearHy 
is  within  :±3%.  Special  tapers  available  at  extra  cost 


8 


IfND 


Depth  hxHn  Mounting  Face.  Dual  1^*  Triple  Iff'  For  Switch  Add 


SIZE.  |l/|"  diaiiMtcr;  d«ptli  behind  p«mI.  9/16“. 

RESISTANCE  ELEMENT.  Copp«r*nick*l  or  nickoi-ckromo  ollo' 
wovnd  un'iformly  undor  tonsion  on  spociolly  troofod  bokolito. 
iMiit  Mcuroly .  looHd  tn  grooved  bokolito  boso.  Rotittonca 
welded  to  fermlnelt  for  perfect  contact. 

CONTACTOR. 


Long<weering  contactor  of  unique  design  provides 
uniform  preuure  at  any  point,  providing  smooth  progrenion  of  re* 
tiitanco.  Contactor  is  riveted  to  spring  connector  which  in  turn  is 
riveted  to  center  terminal.  This  insures  long  life  end  absolute 
dependability. 

•DOTATION.  Total  rotation  295“;  effectivo  rotation  265*  without 
twitch,  211“  with  switch. 

SHAFT.  Dress  shaft  is  standard;  aluminum,  steel,  or  steinleu  steel 
available  on  special  order.  '/|“  diameter  —  length  as  required. 
Screw  driver  slot  available.  Flet  available  —  specify  dimensions 
"B"  and  “C"  as  shown  on  above  drawing.  Shaft  is  fully  insulated 
from  terminals. 

BUSHING.  Brats  bushing.  Diameter  thread  32  per  inch.  Stan¬ 
dard  length  it  l/i",  1/2“  •or  lengths  available  on  special 
ordar. 

SWITCH.  S.P.S.T.  it  standard;  S.P.D.T.  and  D.P.S.T.  available  on 
request.  All  switches  carry  Underwriters'  approval. 

LOCATING  PIN.  One  pin  it  standard;  either  two  or  none  may  be 
had  when  specified. 

COVER.  Cover  it  grounded  to  bushing. 

OFF  POSITION.  Off  position  it  evailable  when  specified. 

SANGED  CONTROLS.  The  Type  W  it  available  at  a  dual  or  triple 
control  and  may  be  “genged"  with  the  Type  C  carbon  control. 

terminals.  Terptinalt  are  hot  tin  dipped.  Three  ere  stendard; 
one  may  be  omitted  when  specified. 


These  stendard  values  are  available  from  IRC  distributors'  ito^. 

vs!:::-:  4r5  to  sp-=ial  order.  _ 


RESISTANCE  CO 


followiiH 

rotafi» 

linRintf 
tfra  coA 


Mroki  A««. 
CifVflJhMft.  OMu 


MuciNuiMt  Wl««  Ce 
kfl  i.  l^awk 


fvit  HtHTm  U. 
MiLAl  tm. 

im 


!  IRC 

i  Cont.'sl 

Mai.  Currant  j 

_ ' 

W.2 

2 

1.000  j 

W.3 

Mt  ■ 

W.5 

5 

.630 

W-6 

6 

.560 

W-B 

1 

JOO 

W-IO 

10 

.450 

W.I5 

15 

.370 

W-20 

20 

J20 

W.25 

25 

JI5 

W.30 

30 

J60 

W-40. 

40 

.225 

W-SO 

50 

.200 

W-60 

60 

.183 

W.75 

75 

.164 

W.lOO 

100 

.142 

W-200 

200 

.100 

W-300 

300 

.083  1 

w-aoo 

400 

.071 

W-500 

500 

.063 

W-750 

750 

.052 

w.iooo 

1000 

.045 

W-2000 

2000 

.032 

W-3000 

3000 

.026 

W-4000 

4000 

.022 

W-5000 

5000 

.020 
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RESISTANCI  ELEMENT:  IRC  M«t«lliz*d  coating,  bondod 

to  a  phanolic  strip,  curad  and  stabilizad  at  high  tamparatura,  in 
tba  sama  mannar  as  IRC  Typa  CS  and  D  Controls.  Integral  mold¬ 
ing  of  this  olomnnt  with  tho  pAano/ic  bosa  rasults  in  improvad 
strangtti,'mora  afficiant  kaat  dissipation,  and  incraasad  rasistanca 
to  humidity, 

CONTACTOR:  a  two-fingar,  ballpoint,  radial  contact,  of 
silvar-platad  spring  alloy. 

TERMINALS:  Cantor  Contact  is  a  silvar-platad  brass  stud 
with  tha  aztarnal  portion  providad  with  No.  3-5b  thraad.  Tha 
shouldar  of  tha  intarnal  portion  of  tha  stud  foms  tha  baaring 
surfaca  on  which  tha  moving  contactor  rotates  whan  driven  by 
tha  cover.  Tha  and  terminals  are  silvar-platad  brass. 


ROTATION:  290*  rotation  is  standard. 
POWER  RATINO:  0.25  Watts  for  linear  tapai 


MOUNTING:  Designed  for  mounting 
on  an  insulating  bracket  or  panel  having 
a  1/16"  min.  ^icknass  or  a  maz.  thick¬ 
ness  of  7/64”.  Tha  canter  terminal,  pro¬ 
vidad  with  a  No.  3-56  Haz  nut,  is  tha  prin¬ 
cipal  mounting  maans,  A  thraa-hola 
mounting  is  racommandad  with  tha  two 
and  terminals  acting  as  locating  davicas. 
If  a  suitable  gromntat  or  insula^ng  busk¬ 
ing  is  used,  the  control  can  be  mounted 
on  a  metal  panal. 


Racommandad  mounting 
template  for 
Typa  H  Control 


TYPE  OF  SWITCH:  M 

Type  SH  is  a  thraa-posi-  H 

tion  switch.  In  addition  to  H 

tha  "OFF"  position,  there  H 

are  three  operating  posi-  B 

tions,  as  shown  in  tha  H 

Switch  Contact  Diagram,  H 

In  Position  I,  tha  first  2  B 

terminals  are  connected  B 

together;  in  Position  2,  tha  B 

first,  second  and  third  tar-  B 

minals  are  shorted  to-  B 

gather,  and  in  Position  3,  B 

all  four  of  the  terminals  B 

are  connected  together.  g 

MOUNTING:  The  central 

mounting  stud,  molded  into  tha 
base,  has  a  No.  3-56  thraad  and 
is  providad  with  a  lockwashar 
and  a  No.  3-56  Haz  nut  for 
mounting  purposes.  Tha  Typa  SH 
Switch  is  designed  to  be  mounted 
on  an  insulating  bracket  or  panal 
having  a  1/16"  min.  thickness,  or 
a  maz.  thickneu  of  7/64".  As 
with  tha  Type  H  Control,  the  ter¬ 
minals  of  tha  switch  may  function 
as  locating  devices  in  mounting. 
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Racommandad  mounting 
template  for 
Typa  SH  Swlt^ 


COvi#  OR»On4*. 

SWITCHING 

SEQUENCE 

OFF 

;  o  0.0  i  ’  ’  ’ 

• 

c  c  5  S  ’  ' 

• 

• 

^  0  s  i  ^ 

•  •  • 

\  i  ^  i 

REVfRSf 


40  RiVEZSt  C  > 


JO  (-4 


)0| — ^ 


0  10  70  30  40  SO  M)  70  SO  90  )00 

lEET  SIGHT 

lERMINAl  CENT  Of  SOTATION  CLOCKWISE  tERMINAI 


DIMENSIONS.  TYPE  H  CONTROL 


CHART  "A" 


RESISTANCE  VALUE  am4  TAPERS:  Available  m*.\ 

anca  values  depend  upon  tapers,  as  listed  below.  Typo  H  CootrskR 
can  be  providad  with  linear  taper  or  any  of  tha  standard  tuAj 
tapers,  suck  as  Curve  B,  Curve  C,  Reverse  B  or  Reverse  C,  ■ 
shown  in  Chart  "A-"  NOTE:  Reversed  B  and  Ravarsad  C  Curia 
show  resistance  change  as  measured  between  Clockwise 
Canter  Terminals.  | 

Curve  Min.  Res.  Mas.  Res. 


A  .......  .  500  ohms  ...  5.0  meg. 

B  or  Reverse  B  .  .  750  ohms  ...  3.0  meg. 

C  or  Reverse  C  .  .  1000  ohms  .  .  .  2.0  meg. 

STANDARD  TOLIRANCB:  ±  20% 


WECN  SWITCH  IS  IN 

"orr"  POSITION 


DMCCTION  OP  nOTATION 
lao*  TOTAL 


DIMENSIONS.  TYPE  SH  SWITCH 
CONTACTOR:  Silver-plated  spring  alloy,  web-shaped  confici. 


TERMINALS:  The  four  silver-plated  brau  tarminels  tri 
molded  into  a  phanolic  base.  The  central  mounting  stud  in  Ikt 
switch  is  "live,"  as  it  is  in  direct  contact  with  the  contactor,  W 
is  not  intended  to  be  used  as  an  ezternal  wiring  connection. 


ROTATION:  Total  rotation  is  120*;  40°  rotation  par  position. 
DETENT:  Positive  in  all  positions,  including  "OFF"  position. 


CONTACT  RATING:  Suitable  for  filament  circuit  switeb 
in  pocket  radios;  for  tone  control  circuits,  or  for  combination 
filament  switch  and  tone  control  applications. 
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TYPE  I 


HIGH  VOLTAGE  RESISTORS 


HANDLING.  Type  MV  Resistors  will  stand 
ordinary  handling ;  however,  it  is  recommended 
that  the  units  be  installed  after  other  mechani¬ 
cal  work  has  been  completed,  and  that  the  pro¬ 
tective  wrapping  on  the  body  of  the  resistor 
be  left  in  place  until  the  unit  has  been  installed 
in  the  equipment. 


IRC  Type  MV  Resistors  are  designed  for 
high  voltage  applications  where  high  resist¬ 
ance  and  power  are  required.  Unique  appli¬ 
cation  of  IRC’s  famous  filament  resistance 
coating  in  helical  turns  on  a  ceramic  tube 
provides  a  conducting  path  of  long  effective 
length. 

The  long  resistance  path  makes  it  possible 
to  produce  a  unit  of  high  resistance  value 
with  resistance  materials  having  relatively 
low  specific  resistance.  For  this  reason.  Type 
MV  Resistors  have  exceptional  stability  even 
in  very  high  resistance  values.  The  long 
resistance  path  permits  the  use  of  high 
voltage  on  the  resistor  while  keeping  the 
voltage  per  unit  length  of  path  compara¬ 
tively  low. 


HUMIDITY.  General  protective  coatings  of  special 
varnish,  baked  individually  at  high  temperature,  pro¬ 
vide  protection  against  the  effects  of  abnormal  humid¬ 
ity.  Maximum  resistance  change  of  :i:6%  can  be  ex¬ 
pected  due  to  humidity.  Resistance  will  return  to 
original  value  when  humidity  conditions  become  normal. 


INSULATION.  Base  is  ceramic  with  excellent  high 
voltage  characteristics.  The  spacing  of  the  toms  of 
the  helical  conducting  path  is  designed  to  provide  ade¬ 
quate  protection  against  breakdowns  between  turns. 


SPECIFICRTIOnS 


POWER  RATINGS.  | 
The  ratings  shown  in  the 
specification  chart  C.  ambient  and 
are  based  on  free  air  operation  at 
20**  should  not  be  exceeded. 


TEMPERATURE  COEFFICIENT., 
—.005%"  C.  for  low  resistance  to 
—.07%"  C.  for  high  resistance  values, 

AGING.  Pre-curing  and  stabilizing 
of  resistance  coating  at  high  ten* 
perature  eliminates  appreciable 
aging.  Laboratory  tests  and  field ' 
experience  indicate  that  aging  rardy 
exceeds  -3%  of  the  original  value. 

VOLTAGE  COEFFICIENT  OF  RESIST¬ 
ANCE.  Type  MV  Resistors  have  i 
voltage  coefficient  of  resistance 
which  varies  from  approximately 
—.002%  to  —.03%  per  volt  per  inck 
of  length  of  resistance  path. 


TERMINALS.  Terminal  types  all  the 
same  as  those  shown  for  MP  it* 
sistors  on  page  15. 
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DERATING 

When  MV  Resistors 
are  operating  at  any 
ambient  higher  than 
20*  C.,  it  is  recom¬ 
mended  that  they  be 
derated  according  to 
the  following  curve. 
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TYPE  MP 
HIGH  FREQUENCY 

RESISTORS 


TYPE  MP  HIGH 

FREQUENCY  RESISTORS 


IRC  Type  MP  RMittort  or*  intended  for  fre* 
qwencie*  above  Htote  of  conventional  retittor*. 
They  are  stable  for  such  applkationt  at  broad 
band  RP  antpliRert,  RP  probes,  rhombic  antenna 
terminatino  resistors,  dummy  loads  for  trans¬ 
mitters  and  dielectric  heoting  equipment,  tele¬ 
vision  side-bond  Alters,  surge  generator  and 
other  circuits  involving  steep  wove  fronts,  high 
frequency  measuring  circuits  and  radar  pulse 
equipment.  They  are  available  in  sizes  from  Vt 
watt  to  90  watts. 

•  The  IRC  Type  MP  design 
r  utilizes  the  basic  IRC  tech- 

U  nique  of  bonding  a  thin  Aim 

^  „  ,  of  resistance  material  on  a 

steatite  ceramic  form  to 
provide  a  stable  resistor 
with  low  inherent  inductance 
end  capacity. 

The  resistance  Aim  used  on  Type  MP  Resistors 
was  developed  especially  for  these  units  in  order 
to  obtain  the  best  combination  of  mechanical 
stability  and  uniform  electrical  characteristics. 
Changes  due  to  humidity  and  aging  are  held 
to  a  minimum.  Voltage  and  temperature  co- 
efAcients  of  resistance  are  low.  The  small  cross- 
sectional  area  of  the  Aim  (it  is  less  than  O.OOT" 
thick)  provides  low  inherent  capacity  and  free¬ 
dom  from  "skin  eAect”.  Inductance  is  materially 
reduced  bv  the  large  ratio  of  diameter  to  length. 

The  steatite  ceramic  tubes  used  in  Type  MP 
Resistors  ore  chosen  for  their  mechanical  uni¬ 
formity  and  strength,  and  stability  under  temp¬ 
erature  and  humidity  variations.  They  are 
non-h  y  groscopic  and  have  excellent 
electrical  characteristics. 

Terminal  bands  of  colloidal  silver  are  applied 
at  each  end  of  the  unit  to  provide  permanent 
low  resistance  contact  to  H)e  resistance  coating. 
Lug  or  ferrule  type  terminals,  if  required,  are 
secured  over  the  silver  end  bands  and  a  heavy 
protective  cooting  is  baked  on  the  entire  resistor. 
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WITH  LUG  TERMINALS  OR 

colloidal  silver  terminals 

WITH  FERRULE  TERMINALS.  ^ 
*5,  1^7  /fND  «e  r 


CHARACTERISTICS®-'  HIGH  FREQUENCY  RESISTORS 


POWER  RATINGS.  Tbo  ratino«  diewn  in  tho  abov*  ipocM- 

coNon  charts  or*  bosod  on  fro*  air  oporation  at  20°C  ambiont  and 
showld  not  ba  axcoadad. 
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KRCZNT  or  RATED  ROWER 

DERATING.  Typa  MP  Rosistor  powar  ratings  or*  basad  on  on 
ambiont  tomporotwro  of  20'’C.  Whon  oporatod  at  any  highor  ambiont, 
it  is  rocommondod  that  thoy  bo  dorotod  according  to  tho  following  curvo. 
For  oxampio,  sopposo  an  MPO  Rosistor  is  to  bo  oporatod  in  on 
ambiont  tomporotwro  of  40°C.  From  tho  cwrvo  it  is  soon  that  tho  por- 
missibio  load  is  74%  of  tho  ratod  load.  Sinco  tho  MPO  is  normally 
rotod  at  30  wotts,  thon  at  40°C.,  it  showld  not  bo  ioodod  to  moro 
than  74%  of  30  watts,  or  22.2  watts. 
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AMIIENT  TEMPERATURE-DEGREES  CENTIGRADE 

TEMPERATURE  COEFFICKNT.  —.005%  “C.  for  low  rosis- 

tonco  to  —.07%  °C.  for  high  roshtanco  volwo. 

COOLING  TO  INCREASE  POWER  RATING. 

Voriows  mothods  may  bo  wsod  for  ortMIciany  romoving  boat  from  Typo 
MP  Rosistors  to  incroaso  Ihoir  powor  capacity.  In  any  cooling  mothod, 
howovor,  tho  maximum  voltago  rating  and  "hot  spot"  lomporatvro 
(110“C.  for  short-timo  intormittont  oporation  or  90®C.  for  continwoui 
oporation)  must  not  bo  oxcoodod. 

Sofo  powor  dissipation  may  bo  matorially  incroasod  by  cooling 
tho  units  in  a  forco'd  air  draft.  Ry  officiont  wator  cooling,  sofo  oporation 
at  a  pawor  oxcooding  100  timos  that  for  oporation  in  air  may  b# 
socwrod.  (Soo  IRC  Catalog  RwHotin  F-2  portaining  to  Typo  LP  Wolor- 
Cooiod  Rosistors  up  to  5  K.W.)  Typo  MP  units  also  con  bo  fwmishod 
for  oporation  in  oil  as  a  moans  of  incroasfaig  powor  and  voltago  ratings. 

Whon  planning  tho  wso  of  any  spocial  cooling  mothod  for  Typo  MP 
instoHotions,  it  is  odvisoblo  to  furnish  comploto  dotaUs  of  tho  spociAc 
application  so  that  IRC  onginoors  may  rocommond  tho  propor  unitf 
and  instaHation  mothods. 


HUMIDITY.  S«v«ral  protMctiv*  cooHngt  of  tpociol  vamMi,  bohod 

individually  at  liigh  tomporatwra,  provida  protoction  agaimt  lb* 
•flactt  of  abnormal  humidity.  Maximum  rotittonca  chonga  of  ^5% 
con  b«  axpoctad  dua  to  humidity.  Ra$ittanca  will  rotum  to  original 
volu*  whon  humidity  conditiont  bocomo  normal. 

VOLTAGE  COEFFICIENT  OF  RESISTANCL  xyp.  mp 

RMMton  hovo  o  voltago  cooffkiont  of  rothtonco  which  voriot  from 
opproximatoty  —.002%  to  —.03%  por  voft  por  inch  of  length  of 
rMtttonco  path.  Tho  octivo  longth  of  rosittonco  path  n  givon  in  tho 
following  toblo  to  focMItoto  tho  calculation  of  voltago  cooffkiont*. 


MPTYPf 

IINOTH  OS  IISISTANCi 
MTH  IN  INCHiS 

— 

ANf  TYPI 

IfNOTH  OS  IfSISTANCf 
SATH  IN  INCHIS 

MPF 

1.0 

MPP 

3.5 

1.0 

MPZ 

5.25 

IMPS 

1.0 

MPA 

5.5 

MPT 

1.5 

MPf 

7.5 

MPJ 

2.0 

MPO 

9.5 

MPS 

2.25 

MP« 

17.0 

1 

3.0 

_  1 

AGING.  Pro-curing  and  ttobilixing  of  roshtonco  coating  at  high  tom- 
poroturo  oliminato*  opprocioblo  aging.  Laboratory  to«tt  and  (told  ox- 
ptrionco  indkoto  that  aging  roroly  oxcood*  ^3%  of  tho  original  voluo. 

nEQUERCY.  Approximoto  froquoncy  choroctoristic*  of  typkol 
MP  unit!  oro  illuttrotod  by  tho  following  chart*: 


so  OHMS  TO  10.000  OHMS 

_r_j - - 

0.1^  MtG 


W  M 

KEQUeNCV  IN  MECACVCLES 


fTNSTALLATIONl 

N/MDLIIIG.  Typo  MP  Ro*i*tor«  will  *tand  ordinary  handling; 
howovor,  it  i*  rocommondod  that  tho  unit*  bo  in*tallod  oftor  other 
mochonkol  work  ho*  boon  completed,  and  that  tho  protoctrvo  wrapping 
on  tho  body  of  tho  ro*i*tor  bo  loft  in  ploco  until  tho  unit  ho*  boon 
in*tallod  in  tho  equipment. 

MOUNTING.  When  Typo  MP  Ro*istor*  ore  required  to  operate  at 

elevated  tomporoturo*,  they  *hould  bo  po*itionod  *o  that  free  circula¬ 
tion  of  cool  air  can  roach  every  part  of  tho  *urfaco. 

Whore  ro*i*tor*  ore  to  bo  u*od  near  maximum  allowable  operating 
temperature  they  should  bo  kept  from  close  proximity  to  other  port* 
radiating  appreciable  heat. 
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OUTIINE  assembly  of  mPm  RESISTOR 


IRC  Type  MPM  Resistors  are  miniature  units  suitable  for  high  frequency  receiver  and 
similar  applications.  They  are  constructed  of  solid  steatite  ceramic  rods  to  which  a  thin 
resistance  film  is  permanently  bonded.  Wire  lead  terminals  have  "cupped"  ends  into  which  the  resistor  body  is  firmly 
cemented  to  form  axial  pigtails.  The  entire  assembly  is  then  coated  with  phenolic  varnish.  The  electrical  characteristics 
of  these  units  are  similar,  except  for  frequency,  to  those  of  the  larger  type  IRC  MP  Resistors.  The  approximate 
frequency  characteristics  for  various  ranges  are  shown  below.  Terminals  ore  axial  wire  pigtails,  I'/s  inches  long. 
Resistor  body  is  9/16"  by  0.100"  (over  cups),  and  the  active  resistance  section  is  3/8"  long. 

AVAILABLE  RESISTANCE  VALUES:  - i 

30  ohmt  to  1.0  moeolwnt.  ^  _ 1— —  1  I  L  |  |  III 

RESISTANCE  TOLERANCE:  |  =  =  =  :  =  =  =  _ 

Stondordi  ±20%;  Spociok  ±10%.  5%  not  ovonoblo.  S  S 

u  - ‘'5;:: - 

POWER  RATING:  ^ _ _ _ 

watt,  at  40%.  ombiont  tomporoturo.  ^  ^  ^ 

1  *0  —  Al.  M  OHMS-lOO  OHMS - R- - -I-  ■ 

MAXIMUM  VOLTAGE  RATING:  8  _ _ _ I 

200  voitt  peak.  I  I  I  I  I 

4o| _ L_1 I  I  I  1  I  I  1  I  1  1  _ _ I  I  I  I  11^ 

CAPACITY  BETWEEN  TERMINALS  :  ntEQUfNCY  in’ MIGACYCIES 

0.015  Mkro-firicroforod*. 


K>  90 

ntEQUfNCY  IN  MfGACYdES 


TEMPERATURE  COEFFICIENT  OF  RESISTANCE: 

Approximatoly  minoi  0.04%  pof  dogroo  ovor  tomporoturo  rongo  of— 55%.  to  -fSO^C. 
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Unique  !(Slc 


High  Frequency -High  Power  Resistor  for  Television 
FM,  and  Dielectric  Heating  Applications 


The  mechanical  desim  permits  direct 
mounting  on  the  end  of  a  coaxial  line 
with  both  water  intake  and  outlet 
connections  at  R.F.  ground  potential. 
Resistor  elements  are  interchangeable. 
Different  values  or  service  replace¬ 
ments  can  be  readily  installed  in 
the  held. 

The  IRC  Type  LP  Liquid  Cooled 
High  Frequency  High  Power  Unit  is 
the  latest  in  IRC’s  continuing  de¬ 
velopment  of  resistors.  It  is  available 
in  resistance  values  of  33  ohms  to 
1300  ohms.  Resistance  tolerance: 
±13%  standard.  Tolerances  of  ±10% 
and  ±3%  can  be  supplied  at  in¬ 
creased  cost. 


Inside  IRC’s  new  Type  LP  resistor  a 
high  velocity  stream  of  water  flows 
in  a  spiral  path  against  the  metallized 
resistance  film  and,  through  cen¬ 
trifugal  force,  maintains  intimate 
thermal  contact  with  the  entire  sur¬ 
face.  Interchangeable  intake  nozzles 
permit  adjusting  the  rate  of  water 
flow  and  therefore  the  cooling  aaion 
to  suit  local  water  pressure  and  power 
dissipation  up  to  3  K.W. 

A  resistance  film  less  than  0.001" 
thick,  with  an  aaive  length  consider¬ 
ably  less  than  Va  wave  length  at 
FM  and  television  frequencies, 
gives  good  inherent  frequency  char- 
t  acteristics. 


Pfi/JiTOr 


WATER  COOLING;  Tk«  r«*i«for  filin  on  tk«  intorior  of  tko  Pyroi 
fubo  it  iou  tk«n  0.001"  thick  and  hat  nagl!9ibia  kaat  ttoraga  capa¬ 
city.  High  watar  velocity  and  intimate  thermal  contact  between  the 
water  and  carbon  over  its  entire  surface  ere  necettary  for  proper 
heat  ditiipation.  Oil  or  even  perspiration  on  the  inside  surface  may 
prevent  wetting,  to  it  it  recommended  that  the  resistor  film  inside 
be  inspected  before  final  installation.  Warm  soapy  water  will  clean 
the  resistor  without  harm  to  the  carbon  coating.  This  resistor  it  not 
recommended  for  DC  applications. 

Abrasive  grit,  metal  filings,  or  particles  of  solder  in  the  water  supply 
will  score  the  resistor  film  due  to  the  velocity  and  centrifugal  force 
of  the  liquid.  Supply  lines  should  be  carefully  flushed  out  before 
installation  of  the  resistor,  and  a  filter  installed,  if  ordinary  tap  water 
it  used  for  cooling.  Before  power  it  applied  to  the  resistor,  water 
•  should  be  allowed  to  circulate  through  the  unit  for  at  least  three 
minutes  in  order  to  thoroughly  wet  resistance  element  and  clear  out 
air  bubbles. 


The  position  of  mounting  the  resistor  does  not  affect  its  operation. 
It  will  work  satisfactorily  with  either  end  up  or  on  its  side. 

The  tubing  at  the  side  of  the  water  fitting,  with  the  nozxle  in¬ 
stalled,  is  the  water  intake.  The  outlet  tubing  is  on  the  axis  of  the 
resistor. 

An  intake  nozzle  with  the  proper  hole  size  must  be  installed  to  ensure 
velocity  and  voluma  flow  for  a  given  power  dissipation.  Our  No.  4 
nozzle,  normally  supplied,  has  a  0.203"  hole  diameter  and  passes 
approximately  4  gals,  per  minute  with  a  water  pressure  differential 
between  inlet  and  outlet  of  22  lbs.  per  square  inch.  This  flow  will 
handle  5  kilowatts  A.C.  at  normal  water  temperatures.  For  a  power 
dissipation  of  2  kilowatts,  our  No.  2  nozzle  has  a  0.156"  hole  and 
will  pass  approximately  2  gals,  per  minute  at  16  lbs.  pressure.  For 
powers  of  1,000  watts  or  less,  our  No.  I  nozzle  with  a  0.109"  hole, 
will  pass  approximately  I  gal.  per  minute  at  20  lbs.  pressure.  Care 
should  be  used  when  installing  these  nozzles  to  prevent  burring  the 
inside  which  would  disturb  the  flow.  If  a  circulatory  water  system 
is  used,  output  water  should  be  cooled  to  counteract  temperature 
rise. 


Suitable  couplings  for  connection  to  the  external  water  supply  are 
manufactured  by  the  Imperial  Brass  Company.  Their  part  No. 


INTERNATIONAL  RESISTANCE  CO.  1 

-  ■  a 

401  NORTH  BROAD  STREET  fn  Conodo.  INTERNATIONAL  RESISTANCE  CO.,  LTD.  1 

PHILADELPHIA  8,  PA.,  U.  S.  A.  11  hINC  STREET  WEST,  TORONTO  1,  LICENSEE  J 


62F-^"  union  is  a  straight  coupling  for  connection  to  OJi  i 
copper  tubing.  Their  part  No.  6BF-^"  is  a  similar  coupling  hr 
connection  to  I/]"  standard  pipe  thread. 

FITTING  TO  A  COAXIAL  LINE:  Outer  conductor  adapter,  se 
drawing  No.  B-l 7.0691,  can  be  assembled  in  place  under  the  diiq 
ring  which  holds  the  resistor  flange.  The  resistor  flange  must  sKrsyi 
be  assembled  next  to  the  water  fitting  with  gasket,  the  outer  ese 
ductor  adapter  next,  and  the  clamp  ring  on  top.  This  adapter  k 
designed  to  clamp  around  the  outside  of  a  "three  inch"  coaxial  Has, 
The  inner  conductor  of  the  coaxial  line  is  cut  off  4I/2"  shorter  tins 
the  outer  conductor  (the  approximate  length  of  the  resistor  veil 
sub-essembly)  and  assambled  by  an  appropriate  adapter  to  the  csf 
on  the  end  of  the  resistor. 

Care  must  be  taken  in  fitting  the  assembly  to  a  line  to  insure  tkd 
the  inner  and  outer  parts  are  lined  up  concentric,  otherwise  axcetiiw 
strain  may  be  placed  on  the  glass  tubing. 
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TYPE  PR. 50  — REAR  VIEW 
50  WATTS 


ALUMETAL  CONSTRUCTION 


The  basis  of  the  vast  superiority  of  IRC  PR  26  and  PR  50 
Power  Rheostats  over  conventional  types  is  a  unique  design 
featuring  all-metal  construction.  The  excellent  heat  dissi¬ 
pating  properties  of  aluminum  are  utilized  to  full  advantage 
in  the  housing  and  in  the  winding  core  of  the  resistance 
element  of  these  IRC  Rheostats. 

PR  25  and  PR  50  Rheostats  operate  at  full  rating  at  approxi¬ 
mately  half  the  temperature  rise  of  equivalent  units,  and  can 
be  operated  at  full  power  in  as  low  as  26%  of  rotation  with¬ 
out  any  appreciable  difference  in  temperature  rise. 

Through  efficient  use  of  the  best  grade  mica  and  special 
asbestos,  the  insulation  properties  of  these  rheostats  satis¬ 
factorily  meet  all  service  requirements.  The  heat  dissipating 
and  insulation  features  of  IRC  PR  25  will  allow  safe  opera¬ 
tion  at  25  watts  down  tp  25%  of  full  rotation  with  a  tempera¬ 
ture  rise  of  about  160°C.,  and  for  the  PR  50,  at  50  watts 
down  to  25%  of  full  rotation  with  a  temperature  rise  of 
approximately  200”C. 

HOUSING.  Ribbed  die  cast  aluminum  alloy  case  designed  to 
conduct  heat  away  from  resistance  element.  Since  the  ex¬ 
ternal  sides  of  the  case  are  ribbed,  it  offers  exceptionally 
efficient  heat  radiation.  Intimate  contact  between  rheostat 
and  mounting  panel  allows  rapid  conduction  to  the  panel  of 
a  portion  of  the  heat  dissipate. 

RESISTANCE  ELEMENT.  Low  temperature  coefficient  wire 
is  uniformly  wound  on  a  strip  aluminum  core  insulated  by 
top  grade  asbestos.  This  insures  uniform  heat  distribution 
throughout  the  entire  resistance  element  regardless  of  how 

much  of  the  element  is  actually  in  service. 

• 

Through  the  use  of  layers  of  best  grade  mica,  the  resistance 
element  is  insulated  from  the  die  cast  housing.  This  con¬ 
struction  allows  more  than  sufficient  insulation  and  at  the 
same  time,  aids  in  conducting  heat  from  the  element  to  the 
housing. 

CONTACT.  Contact  is  made  to  the  large  radius  edge  of  the 
resistance  element  by  means  of  a  special  alloy  which  will 
neither  pit  nor  stick.  Close  calibration  and  smooth  variations 
in  resistance  are  made  possible  over  entire  element.  Pressure 
is  provided  by  means  of  a  separate  steel  spring,  not  in  the 
current  carrying  path,  thus  separating  the  two  functions  of 
carrying  current  and  applying  pressure. 

SPIRAL  SPRING  CONNECTOR.  A  flat  clockspring,  the 
famous  IRC  Spiral  Spring  Connector,  is  used  to  connect  the 
sliding  contactor  to  the  center  terminal.  This  eliminates  the 
conventional  series  pressure  contact,  and  insures  long  life 
and  dependability. 

MOUNTING.  Single 
%•  x  32  thread — brass, 
order. 

SHAFT.  Standard  shaft  nickel  plated  steel  hi"  diameter. 
Length  of  shaft  beyond  bushing  Other  lengths  available 
as  indicated  on  Page  2.  Shaft  is  insulated,  permitting  mount¬ 
ing  of  rheostat  on  metal  panel. 

SHAFT  ROTATION.  PR  26  Rheostat  —  290* 

PR  60  Rheostat  —  280* 

LOCATING  PIN.  diameter  pin  cast  ih  base  on  0.612'' 
radius,  as  shown  in  diagram  on  Page  2. 

KNOB.  Conventional  type  knob  of  molded  bakelite  is  avail¬ 
able  on  order. 

COVER.  Cover  for  protection  against  mechanical  injury  is 
available  on  order.  Use  of  cover  necessitates  reduction 
of  rating  by  of  standard. 

OFF  POSITION.  Positive-action  “off”  position  is  standard. 


hole  mounting,  bushing  long  x 
Other  lengths  available  on  special 
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SPECIFICRTIOnS 


PR-25  AND 
PR.50  RHEOSTATS 


H  Dm.  Lacsnag 
M'  IMW 


%*.n  TM.  Nsr-i 


IlflW 

\\m 


TYPE 


PR-25 


PlUo 


DIMINSIONS 


i»Hr 


2%' 


STANDARD  SHAFT  TREATMINT 


G 

H 

M 


Gear  #8  screw 


illRF 

IIUIJ 


•  SUndutl  (haft  IMCU  (A  dim.)  1*.  •  SUndard  boihinc  lancU  (L  dim.)  H* 

•  Spatial  shaft  laacths  (A  dim.)  avail.  *  Spatial  bushing  Isncths:  %*  and 

sMa  in  all  pratti^  Icnctha  from  %*  H*. 

incTsatint  hy  1/ld*  intrsmaaU 


BOUND 


TTPB  DIM.  D 


••"ioS 


FLAT 


DIM.B 


.X16  ±.002 


.210  ±.002 


Bie  ±.002 


BIO  ±.002 


.210  ±.002 


STANDARD  FLAT  POSITION 

H  rH  r 


DIM.C 


7/16* 


SLOT 


DIM.B 


.07B' 


1/16' 


2/64' 


DIM.C 


1/ir 


i/ir 


STANDARD  SLOT  POSITION 
CONTACT  H-i  H- 


Podition  1 


Position  2 


Position  3 


Position  4 


Position  1 


Position  2 


PR-25  AND 
PR-50  RHEOSTATS 


TYPI  PR.S0 
50  -  WATT  RHEOSTAT 


25  •  WATT  RHEOSTAT 


ToUl 


Curmt 

MimMip« 


RESISTANCE  VALUES.  1  ohm  to  6,000 
ohms  for  the  PR  26  Rheostat,  and  0.6  ohm 
to  10,000  ohms  for  the  PR  60  Rheostat  are 
standard. 

TOLERANCE.  ±10%  is  standard.  ±6% 
available  at  extra  cost  on  ranges  above  10 
ohms  with  linear  taper. 

I^TING.  PR  Rheostats  are  rated  at  26 
and  50  watts,  based  upon  a  ]40*C  tempera¬ 
ture  rise  above  a  40*C.  ambient  for  PR  26, 
and  ]70*C.  temperature  rise  above  a  40*C. 
ambient  for  PR  60. 

DERATING.  If  units  are  to  be  operated  at 
an  ambient  higher  than  40'’C.,  they  should 
be  derated  according  to  the  Derating  Curve 
on  the  last  page.  For  example:  A  PR  60 
Rheostat  is  to  be  operated  at  an  ambient 
temperature  of  80  *C.  From  the  Derating 
Curve  it  can  be  seen  that  only  73%  of  the 
60  watt  rating  can  be  used,  or  36.6  watts. 


LOW  TEMPERATURE  OPERATION 
WITH  FULL  LOAD 
ON  PART  OF  WINDING 


LOW  TEMPERATURE  RISE 


IRC  PART  NUMBERS  AND  STANDARD  AN3155  RESISTANCE  RANGES 


VARIATIONS 

AVAIlAilE 

Th«  Typ«  PRT  R>Mo«tat  l)« 
bMn  standardized  botfi  an. 
chanically  and  •lectricaHy,  « 
required  for  U.  S.  GovsrnmMi 
aircraft  appNcationi.  FuU  ds 
taib  are  contained  in  An«^ 


Nominal 

Worn 


Total 

Rasiitancs 

Ohmi 


PRT-2S-I0 

-2S-I5 


Taparad 


■25-IS 


Navy  SpecMkationt  AN-R.|q 
and  Drawing  AN3155. 

IRC  Type  RRT  Rtteoitah  oi 
approved  by  the  Air  Techninl 
Service  Command  and  tin 
Rwreau  of  Aeronautics.  ftTlS 
and  RRT  50  Rbeostats  art  ap¬ 
proved  by  the  U.  S.  Sigsd 
Corps  for  types  RP-11  osd 
RR-16  respectively  unde 
JAN-R-22.  When  erdtris| 
against  JAN-R-22  pleats  gni 
complete  type  designotits. 
Variations  in  resistance  valwi 
— to  5,000  ohms  in  the  2S- 
watt  Rheostat  and  to  iOMO 
ohms  in  the  50-walt  type- 
are  available  on  special  order. 
For  potentiometer  applkaliom, 
three  terminols  (left,  right  and 
center)  can  be  supplied. 


Linaar 


■2S-I00 


Taparad 


<0-«* 


[l  endertget 


Taparad 

Taparad 

Taparad' 


SO-SO 


Linaar 

Taparad 

Taparad 

Taparad 


If  esectift^ 


SO-IM 


TOLERANCE 

•5%  -4-15%  is  stondord. 


*On  AN3155-50-R  and  AN3155-50-30,  rotation  clockwise  increases  resistance,  and  minimum  resistance  is 
obtained  when  the  rheostat  is  turned  on  from  the  "Off"  positien.  On  aH  other  numbers  maximum  resistance 
is  obtained  when  rheostat  is  turned  on  from  "Off"  positien  and  rotation  clockwise  decreases  resistance. 


3"- 32  THREADS 
T  NEF-2 


1  Amp«rfft  At  1 

Min. 

Mai. 

Resin. 

Resist.  * 

I.SS 

0.10 

1.30 

1.10 

1.00 

1.00 

0.71 

0.71 

o.sa 

O.M 

0.IS 

O.t* 

O.IS 

O.IS 

S.S0 

1.12 

2.S0 

2.S0 

2.S0 

I.M 

2.70 

0.70 

1.70 

O.SO 

1.00 

1.00 

0.12 

0.12 

I.3S 

0.25 

0.4R 

0.17 

I.IS 

0.IS 

r 

r 

-r* 

8 

2 

8 

1" 

dl. 

IRC  POWER  WIRE  WOUND  RESISTORS 


'  Fiitd  and  Adjustable  Power  Wire  Wourtd  Resistors  are  designed 
givt  balanced  performance  in  every  characteristic, 
guard  the  windings  against  the  harmful  inroads  of  atmospheric 
Mstura  and  corrosion,  all  IRC  power  resistors  are  coated  with  a 
Kial  cament.  The  development  of  this  particular  coating  was 
jnaared  by  IRC,  and  years  of  rigorous  laboratory  and  field  tests 
v«  proven  its  superiority  in  the  rapid  dissipation  of  heat,  ability 
withstand  reasonable  overloads  without  breakdowns  or  "opens," 
Mstura  protection,  immunity  to  salt  water  immersion  and  extreme 
tckanical  strength.  The  IRC  cement  coating  contains  no  chem> 
illy  active  ingredients,  no  salts  to  attack  the  wire.  The  cement  is 
lek'proof  and  cured  end  hardened  et  low  temperature;  thereby, 
t  endangering  the  resistance  windings. 

nticallad  in  essential  electrical  and  mechanical  characteristics, 
1C  Power  Wire  Wound  Resistors  are  uniformly  wound  with  the 
ghtit  grade  alloy  wire  on  tough,  non-hygroscopic  tubes,  with 
iggtd  terminals  securely  attached.  They  are  available  in  a  full 
inga  of  sixes,  types  and  terminals. 

sr  exacting,  heavy-duty  applications,  high  voltage  bleeders;  bias 
ipply,  grid,  and  filament  dropping  resistors,  leading  industrial, 
irersft,  broadcast,  maritime  and  other  commercial  users  have  sped- 
id  IRC  Power  Wire  Wound  Resistors  for  over  14  years. 
iOATING  SPECIFICATIONS.  Because  of  the  varied  types  of  ser¬ 
ies  power  resistors  must  provide,  IRC  makes  available  two  types  of 
•mint  coatings.  Each  coating  is  designed  to  furnish  meiimum 
apindability  at  minimum  cost  for  its  class  of  service. 


TYPE  "B"  COATING.  The  Type  "B"  Coating  Is  designed  for  rela¬ 
tively  low  range  high  temperature  requirements  where  wire  siie  it 
large  enough  to  insure  dependability.  The  power  ratings  shown  for 
Type  "B"  Coating  are  based  on  a  temperature  rite  of  2S0°  C.  from 
a  25°  C.  ambient  in  free  air.  This  coating  it  well  tuited  for  all 
wire  sixes  and  normal  humidity  conditions. 

TYPE  "C"  COATING.  The  Type  "C"  Coating  it  a  specially  de¬ 
veloped  organic  cement  coat  designed  to  withstand  the  most  ei- 
trame  atmospheric  conditions  .  .  .  such  as  on  ships,  in  tropical 
countries,  and  in  extremely  humid  climates.  Power  ratings  shown  for 
Typo  "C"  Coating  ace  based  on  a  temperature  rise  of  130”  C. 
above  an  ambient  of  25°  C.  in  free  air.  At  no  time  should  the 
total  temperature  (ambient  plus  rite)  exceed  155°  C. 

TEST  CYCLE  FOR  TYPE  "C"  COATING.  The  Type  "C"  Coating 
will  withstand  nine  cycles  of  the  following  severe  test  when  pro¬ 
tecting  wire  of  a  diameter  of  .0025"  or  larger,  on  any  tise  ceramic: 

1.  Operation  at  maximum  rated  temperature  for  six  hours  .  .  . 

2.  Immediate  immersion  in  saturated  solution  of  sodium  chlor¬ 
ide  for  two  hours  at  100°  C.  .  .  . 

3.  Immediate  transference  to  xero  degree  saturated  solution  of 
sodium  chloride  and  immersion  for  two  hours  ... 

4.  Washed  in  clear  water,  wiped  clean  and  operated  on  D.C. 
potential  at  maximum  rated  temperature  for  two  hours. 


70,000 


WATTS 


•X"C* **rt 
l»*C.  Mm 


syiy 


1,000 


H/a"  H* 


incraai 
vtlu* 
dard 
b«  9*1' 


1”  C  CA 
l»^”C  CB 
2"  C  CG 
3"  C  CJ 
2»/a”  D*  PH 
3“  D*  DJ 
4"  D*  DO 


RW-M 

RW<4i 

RW-JI 

IIW-41 


RW-M 
RW-41 
RW  j7 
RV-O 
r.v' -SR 
RW.4' 
RW-it 
RW^ 


TImm  tiaM  avaiMU*  wifli  AdiMtabU  FmIw*  —  ta« 
Add  Mi^  "A"  t*  typ*  dtifiMtioii  wfcaw  lyaclfyim 
It  k  McaMMawdad  that  atandard  atack  aiaaa  ba  aaad 
Saa  ^fa  S  far  Tanaiaal  Ty^  avallabla. 


^9a  A  far  additioaal  informatiaa  on  ad(aatabla 
adMaWo  pawar  wira  wo«Nid  raaiatort. 
wliaravar  aracti cabin. 


raaiatort  and  contact  band 


Maainnmi 


rniFarm  #1 

StanRarR  Hm 

aim 


Ovorail 


STYLI 


Ohnw 
H"  Who 


±  I/I*" 


IHamalor* 


RW.IO 

RW-H 

RW.I2 

RW.I3 

RW.I4 

RW.I5 

RW.16 


10^7/16” 

6.7/16” 

3-7/16” 

MS/16” 

1%” 


1-73/32” 

1.13/32” 

1-13/32" 

t-3/32" 

1-3/32" 

27/32" 

27/32’ 


63,000 

63,000 

50,000 

25,000 

16,000 

6,300 

4,000 


60A.  600V. 
60A.  600V. 


33  9-13/16” 


5-5/16” 

4%" 

3'/l” 

2-9/16” 


60  A.  600  V. 


30  A.  250  V. 
30  A.  250  V. 


*  lady  diamatar  ahraya  laaa  tban  abaaldar  dlamatar. 

**Saa  paaalSfor  Farrida  dataib. 


•oldvring.  TarmifMl  typ«s  rikI  tpRcHSeafiont  ar*  ghrcn  on 

Ir^IcKETS.  Sturdy  m«t«l  brRck«t«,  to  dotignod  th«t  ro- 
tittort  oro  roadily  mountad  by  rivah  or  scrawt.  Brackat 
holot  will  claar  No.  10  maehina  tcraw.  SpacHications  ara 
givan  on  PRO*  25 

MARKINGS  Pamnanontly  markad  with  typa  numbar  and 
ratittanca. 

M^HANICAL  STRENGTH.  Will  withstand  a  transvarsa 
load  in  aicau  of  25  pounds  without  machanical  or  atac- 
trical  dantaga. 


WINDING  FORMS.  Highast  grada,  non  -  hygroscopic 
caramic  winding  form,  chotan  for  machanical  strength, 
rasistanca  to  thamnal  shock  and  fraadom  from  moistura 
absorotion. 

WIRE.  Coppar-nickal  and  nickal-chroma-iron  alloys,  larg- 
ast  tixas  compatibla  with  adaguata  spacing,  wound  wi^ 
uniform  toacing  and  tansion. 

INSULATION.  3000  voHs  A.C.,  R.M.S.,  batwaan  tar- 
minab  and  bracket. 

TERMINALS.  Securely  damped  around  the  caramic 
winding  form  by  spot  welding;  heavily  tin  dipped  for  easy 


Isaaaaa 


ISaaKS 

»k: 

!■■■!!! 

ISaSaal 

ISaaRai 
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ISaanoi 


laaaaa 

laaaaa 

laRaea 

laaaaa 
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AMtIfNT  TEMri  R  ATUli  -  DtOKf  f  $  CENTIGRADE 

POWER  RATINGS.  IamJ  on  (tondArdt  of  tho  AIEE  ond  NEMA 
—  2$0*  C.  tomporoturo  rito  of  kottosf  oifornol  spot  wkon  »ut> 
pondod  in  froo  oir  for  tho  "R"  Coot;  this  it  roducod  for  tho  "C” 
Coot  to  40%  of  rotin^  ond  130”  C.  tomporoturo  rito.  Moiimum 
protoction  ogointt  moitturo  it  providod  with  orgonic  motoriolt. 
Actuol  wottogo  lood  vortut  tin  of  rotittor  utod  thould  toko  into 
centidorotion  moiimum  ombiont  oipoctod,  vontilotion,  proiimity 
of  othor  portt  tutcoptiblo  to  oicouivo  tomporoturot,  ot  woN  ot 
tomporoturo  limitotion  of  cooting  utod. 

DERATING.  If  noeottory  to  oporoto  IRC  Fowor  Rotittort  in  on 
tmbiont  higkor  tkon  25°  C.,  it  it  rocommondod  thot  thoy  bo 
dorotod  According  to  tho  Doroting  Curvo  for  High  Ambiont 
Tomporoturot. 

TAPS.  Toppod  rotittort  moy  bo  tuppliod  within  tho  limitotion  of 
tho  rotittor  tin  und.  Tho  uto  of  o  top  rotuitt  in  o  tmoll  roduc- 
tion  of  tho  powor  roting  ond  ohmogo  ovoiloblo,  tinco  winding 
tptco  it  lott. 

TOLERANCES.  Stondord  toloronco  5%  ovor  50  ohmt.  10% 
bolow  50  ohmt.  Toloroncot  ot  low  ot  1.0%  con  bo  tuppliod  ot 
incrootod  cott.  Tho  following  toblo  thowt  tho  minimum  rotittonco 
*tluo  in  which  tho  voriout  toloroncot  con  bo  furnitkod  for  tton* 
dtrd  unitt.  Minimum  rotittonco  voluo  for  non-ttondord  unitt  will 
ho  givon  upon  roau**t 
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TK*  IKC  Adiuifabl*  Pow«r  WJr*  WotmJ  RMittor  coitfith  «f  a 
hibuUr  rMiator  witK  a  track  ^  aapoaa^  wire.  Contact  it  kept  oHk 
wire  by  maani  of  a  mata(  band  ndiiek,  wban  power  it  tomad  dl, 
bo  adjiittad  to  any  poaition  alon9  tka  ratittor. 

Tka  adjuttabla  band,  datignatad  at  IRC  Typa  "X,"  faatarat  a  tfa 
ttaal  tpring  witk  a  aibrar  contact  button.  Conttant  pratturt  'h 
vidad  ragardlaw  of  tamparatura  bacauta  tka  ttaal  tpring  it  tan 
for  tamparaturat  above  ratittor  operating  tamparaturat.  Tli« 
buttan,  being  oiidation  free,  cannot  corrode  to  cauta  open  circtKi 
^  kigk  ratittanca  at  point  of  contact. 

TyP*  "X"  Adjuttabla  landt  are  fumitkad  for  "D,"  "E"  and  "H* 
caramict;  tiia  "A"  caramict,  bacauta  of  tbair  unaH  tiia,  are  fu 
^  witk  an  adjuttabla  band  tpaciaHy  tuitad  for  tmaNar  too  unih. 

ly  tka  uta  of  more  tkan  one  band,  variout  tapt  can  be  brought  out  tnd 
unit  utad  at  a  voHaga  divider.  Additional  adjuttabla  bandt  can  ba  fv 
taparataly. 

Sinca,  an  adjuttabla  unitt.  tka  ratittanca  wire  cannot  ba  contplataly 
far  prataction  againtt  humidity,  care  tkould  ba  takan  not  to  uta  kigk  rtii 
valaot  requiring  tka  uta  of  oatramoly  tmall  wire  tiaat.  Tka  following  table  tkowt  tkt  ^ 
juttabla  typat  available,  witk  tkair  minimum  and  maiimum  ratittanca  valuat.  Additiend 
formatian  plaining  to  IRC  Adjuttabla  Powtr  Wire  Woundt  it  given  in  tka  ipacifietli 
table  an  page  2. 


I 


STANDARD 


IRC  Non-lnductiva  Power  Wire  Wound  Ratittort  utilita  tka  Ayrton- 
Parry  typa  winding  which  contitH  of  two  windingt  in  parallal,  wound 
in  a  tingle  layer,  in  oppotita  diractiont.  Tka  tumt  of  tkata  windingt 
tauck  at  fiaad  pointt  which  are  at  tka  tame  potential  and  to  aliminata 
capacitanco  affaett.  Tka  power  ratingt  are  the  tame  at  tkota  of 
ttandard  inductive  unitt. 

Tka  degree  to  which  tka  inductance  of  tkata  ratittort  it  reduced  it 
iNuatratad  in  tka  foHowing  table  which  tkowt  tka  inductance  of  variout 
tiao  ttandard  ratittort  at  compared  witk  that  of  tka  tamo  tiia  ratittort 
wound  witk  tka  Ayrton-Parry  typa  winding. 


MAXIMUM  RESISTANCI  VALUIS 

FOR  SOMI  NON-INDUCnVI  TYPIS 


MAXIMUkd  RESISTANCE 


OHMS 


-  =  1,150  OHMS 


5,000  OHMS 


0^12,500  OHMS 


OHMS 


TYff  RESISTANCS  STANDARD  WINDIND 
INDUCTANCE 

RESISTOR  OHMS  MICRO-HENRIES 


AYRTON-fERRY 

WINDIN6 

INDUCTANCE 

MICRO-HENRIES 


2"  D 

100 

14 

0.25 

80 

76 

0.3 

*'A"H 

4,000 

3,360 

0.3 

Ayrton-Parry  typa  winding  contittt  of  two  wtndingi  a 
lowanca  mutt  ba  made  for  tuitabia  intulation  between  tumt,  it  ii 
impottibla  to  wind  tka  maiimum  ratittanca  valuat  given  for  ttandad 
ratittort.  Tka  above  table  givat  tka  maiimum  ratittanca  valuat  ab 
tainabla  for  toma  of  tka  non-inductive  typat. 

Non-inductive  ratittort  are  available  in  any  of  tka  ttandard  Poutr 
Wire  Wound  tiiat  tkown  on  page  2.  Tka  addition  of  tka  prafii  laHtr 
N  in  front  of  tka  datignation  of  a  ttandard  ratittor  it  tka  datignaliaa 
of  tka  non-inductive  feature  (4*/]'*  NE  it  a  nan-inductiva  SO  wtH 
ratittor). 
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WIRE  WOUND  RESISTORS 


CATALOG  DATA  BULLETIN 

Imporlanf  inform«tion  iw  En9i«Mrin9  mkA  Purchasing  OnpH.  PIms*  fit*  with  your  IRC  Catalog. 
INTIRNATIONAL  RiSISTANCi  CO^  401  N.  OroaO  S«^  PMkidnlfWa  0.  Po^  U.  S.  A. 
In  Canada:  tntarnational  Rasistanc*  Co.,  Ltd.,  Toronto,  Lieantaa 


to  fulfill  raquirements  of  high  wottog*  dissipation  in 
''iied  spoco  applications,  th*  IRC  Typ*  FRW  Rot  Wire 
Wid  Resistor  has  a  higher  space-power  ratio  than  standard 
wire  wounds.  For  different  operating  conditions,  IRC 
cUi  these  compact  resistors  available  in  two^  cootings,  the 
C  “B  Coat"  or  "C  Coat.” 


The  Typ*  FRW  is  designed  for  vertical  or  horizontal  mounting, 
either  singly  or  in  stocks.  Non-magnetic  nx>unting  brackets 
extending  through  the  resistor  allow  easy  and  economical 
nwunting,  aid  in  heat  distribution  along  its  amtire  length  and 
serve  as  conductors  to  transfer  internal  heat  to  the  chassis. 

Other  features  of  the  Type  FRW  or*  light-weight  construc¬ 
tion,  combined  with  exceptional  mechanical  strength;  ar>d  the 
ability  to  withstand  severe  vibration.  In  every  detail.  Type 
FRW  Flat  Wire  Woorad  Resistors  reflect  IRC's  troditional 
standards  of  high  quality. 


T  Y  P  E  F  R  W 
WIRE  WOUND 


POWER 

RESISTORS 


TYPE  FRW  RESISTOR 
DERATING  CURVE 
FOR  HIGH  AMBIENT 
TEMPERATURES 
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COATINGS 


Coating*  and  “C”  ora  ••pocioHy  dtvtlopd 
contant  coot*,  having  o*  common  choractoristic*  nootral  chomkal  'incllin 
procoMing  tomparotura*  not  ovor  200”  C  ond  oxtromo  donson***.  TV**^ 
iHo  mo  of  low  tomporolwro*  in  procotting  tho  coromic,  wiro  and 
maintain  moximwm  lifo  and  strongth,  thm  iniwring  long  Ufa  at  normal  lo*4 


IRC  POWER  WIRE  WOUND  CHARACTERISTICS 


TYPE  COATING 


Typo  Coating  it  dttigi 
for  high-tomporotwro  roqwiromontt  whoro  wiro  tixo  it  largo  •newfk 
inturo  dopondabHHy.  In  Toblo  A,  Ibo  powor  rating*  for  Typo  “I"  coot  i 
batod  on  o  tomporatwro  rim  of  250®  C,  from  o  25*  C  ambimt.  I 
coating  it  woH  twitod  to  tho  roqwiromontt  for  normol  humidity  condMi 


TYPE  ”C”  COATING 


Typo  "C"  Coating  it  o  tpttiib 
dovolopod  orgonic  comont  coot,  dotignod  to  wilhttand  Iho  most  txlnm 
condition*  .  .  .  twch  a*  on  thipboord,  in  tropical  cowntriot,  and  txlrtoilf 
humid  dimato*.  Powor  rating*  thown  in  Tablo  A  for  Ihi*  Coot  an  bawd  • 
a  tomporatwro  rito  of  1 30®  C.  obovo  an  ombiont  of  25®  C.  in  Ftm  m 
At  no  timo  ihowld  Iho  total  tomporatwro  (ombiont  pirn  rito)  oxcood  IM'C 


TOLERANCE.  On  tinglo  and  mwlti-toction  rotMort,  ±10%  i 
ttondard  toloranco.  On  tinglo  tocHon  rotitlort  only,  ±5%  b  ovoMb 
for  rotittonco  volwot  obovo  50  ohm*. 


MULTI-SECTION  RESISTORS 


Toppod  RomImi 

may  bo  twppKod,  within  tho  limilationt  of  tho  rotitlor  tixo  wtod  at  faM 
bolow.  Tho  wto  of  top*  rotwH*  in  a  rodwction  in  total  rotiitanco  avaRoWs 
dwo  to  loot  of  winding  tpoco.  Whon  tpocifying  Toppod  RotMort,  proddt 
wattogo  por  toction. 

PRW-20  Singlo  toction  only. 

FRW-21  Two  toctiont  maximum. 

FRW-22  Throw  toction*  maximum. 

PRW-23  Pour  toctiont  maximum. 

PRW-24  Pivo  toctiont  moxunum. 


Terminals.  Socwroly  clompod  around  tho  coromic  windi*|| 
form  by  tpot  wolding;  hoovily  hot-tin  dippod  for  ooty  toldoring. 


BRACKETS 


Non-mognotic  motol  brockott,  to  dotignod  that  ft- 
tittort  oro  rowdily  mowntod  by  rivott  or  tcrow*.  Rrockot  hoUt  wiR  cbo 
|10  Mochino  tcrow. 

MARKINGS 

rotittonco. 

WINDING  FORMS 


Pormanonliy  morkod  with  typo  nwmbor  o«d 


Highott  grodo,  non-hygroicopc 
coromic  winding  form,  choton  tor  mochonicol  ttrongih,  rotMonco  to  thomd 
thock  and  froodom  from  moitiuro  obtorption. 


40  40  W  too 

AMBIENT  TEMPERATURE-DEGREES  CENTIGRADE 


TV  I  RE.  <^oppor-nickol  and  nickol-chromo  oHoyt,  lorgotl  tix*>  mo* 
potiblo  with  odoqwato  tpocing,  wound  with  uniform  tpocing  and  loniioii. 


DERATING.  If  nocoMory  to  oporoto  Typo  PRW  RotMort  in  on 
ombiont  highor  Ihon  25®  C,  it  it  rocommondod  that  thoy  bo  dorolod 
according  to  Iho  Doroting  Cwrvo  for  High  Ambiont  Tomporatwro*-  Por 
oxomplo,  if  tbo  rotMor  it  normoNy  o  50-watt  typo  and  it  to  oporoto  at 
40®  C.  ambiont,  it  thowld  not  bo  loodod  to  moro  than  12%  of  50  watt*, 
or  41  wottt. 


INSULATION  .  3000  voH*  A.  C. 

and  brockot. 

MECHANICAL  STRENGTH 


R.  M.  S.,  botwoon  tttmiiM 


Will  withttand  o  trow* 
of  25  pound*  without  mochonicol  or  oloctrical  domog*' 


IRC 

MC  taHnf 

(Sm  Nalgl 

Cm- 

1 

Jrp» 

"  Cm* 

-C-Cmmt 

ty». 

A 

i - 

C<rMk 

e 

Owm 

UnflU. 

Okmm  ^ 
AmMW 

HIW-20 

20  w. 

•  to. 

RW-20 

2* 

lit' 

0.5 

MW-ll 

V)  w. 

12  w 

RW-21 

»*4* 

2* 

3M' 

OJ 

rtwu 

50  to. 

20  to. 

tW.22 

j'»' 

4»4' 

07J 

mw-23 

«5  to. 

24  to. 

tW-23 

ih" 

4*4* 

*• 

1.0 

nrw-24 

73  to 

20  to. 

RW-24 

♦' 

rif 

1.5 

TYPE  MW 


cause  of  its  radical  departure  from  conventional  design, 
e  type  MW  Insulated  Wire  Wound  Resistor  is  unsur- 
issed  for  adaptability  to  an  extremely  wide  variety  of 
requirements.  Completely  insulated  and  protected, 
se  flat  type  resistors  are  encased  in  durable  molded 
►  nolic  compound  and  mounted  with  a  metal  bracket  of 
'  iue  design.  The  mounting  bracket  actually  transfers 
at  from  inside  the  chassis  to  the  outside,  thus  providing 
.usually  rapid  heat  dissipation. 

he  type  MW  is  virtually  impervious  to  the  elements,  in- 
.liing  moisture  and  salt  spray — the  common  causes  of 
•uble  in  ordinary  wire  wounds. 


CATALOG  DATA  BULLETIN 


ImpoHant  inform«fion  for  Engmoortn^  ond  PurcKMin^  Doph.  PImm  fiio  with  your  IRC  Cotolo^. 
INTIR^TIONAL  MSISTANCI  CO.  40T  N.  Ir^  PMMelphta  1.  Pik.  U.  S.  A. 
In  Conodo:  tnfornotionol  Rot i stone#  Co.,  Ltd.,  Toronto,  Licontoo 


The  Type  MW  is  a  flat  wire  wound  resis¬ 
tor  strip,  permanently  enclosed  by  high 
pressure  molding  in  a  special  asbestos- 
filled  phenolic  compound.  A  permanently 
attached  metal  bracket  with  mounting  feet 
permits  mounting  of  the  resistor  on  any 
flat  metal  surface,  thus  allowing  rapid  dis¬ 
sipation  of  h^t. 


TERMINALS.  Standard  Terminals 
are  of  rolled  edge,  heavily  tinned  strip 
punched  with  hole  to  take  No.  14  B  &  S 
gauge  wire  and  side  notches  for  wrapping 
connections.  Contact  to  the  resistance  ele¬ 
ment  is  made  by  clamping  the  specially 
formed  terminal  under  high  pressure. 


qually  important,  is  the  common-sense  wattage  rating 
tablished  for  the  MW,  in  that  it  is  rated  at  100®C.  to 
nform  with  modern  engineering  practice.  Unlike  most 
ire  wounds,  the  MW  may  be  operated  at  its  full  “on 
ate”  rating,  whether  enclosed  or  not,  without  exceeding 
s  rated  temperature  rise  of  100°C.  This  permits,  for 
ample,  the  use  of  an  MW  5  at  20  watts  where  a  60  watt 
ibular  resistor  would  normally  be  required. 


CONSTRUCTION 


Design  of  the  terminal  is  such  that  no 
sheared  edge  can  ever  come  in  contact 
with  the  resistance  wire,  thus  precluding 
the  possibility  of  nicked  wires. 


MOUNTING  BRACKETS.  Standard 
mounting  brackets  of  tinned  steel  (brass 
provided  on  special  request).  Designed 
with  mounting  feet  to  be  bolted  or  riveted 
to  any  flat  surface.  By  extending  mount¬ 
ing  feet  of  brackets,  almost  any  require¬ 
ment  for  distance  between  mounting  cen¬ 
ters  can  be  met.  “D”  dimension  plus  2* 
is  maximum. 


INSULATION.  All  resistors  are  ratea 
and  tested  at  1000  volts  R.M.S.  60  cycle 
(1400  Volt  Peak)  applied  along  entire 
length  between  element  and  metal  plate 
between  all  terminals  and  ground. 


:any  excellent  opportunities  for  cost  reduction  are  of- 
ued  by  use  of  the  MW  with  its  low  initial  cost,  lower 
anting  cost,  flexibility  in  providing  taps  at  low  cost. 
”d  saving  in  space. 


h(SrmiDfmD  /«  /9S 


5000 


11% 


‘400 


- AC  -  A>fOLZ>  l.eMQT*i  - 

D  •csf^rm  TT*  ceATTiTir  Hi/srwjce  or  noLrrrtt^Jo 
- oracm^L,  i.e/^TH  »  £>*  - 


—4, 


*M-3  smerrtof^ 


Two  TarmiMl 
Rwiator  Oaly* 


■•■■«  >■ 

Resiataaee 

Vain* 


Miniaiam  iMicth  ^cr  MetiM  1/1*  batwMa  tcnaiiiala 
Miniaiaai  ralaa—t  •hais  p«r  iBch  af  wliiMnc  IcBCtli 
MasiaiBM  T4N  aliBit  ptr  incli  •(  windinc  iMCth 

MiBivBM  ahaw  fiTan  ara  baaad  aa  Na.  M  allajr  wira 


AetWa  wiiMUna  lanatk  for  Miilti-Sectioa  Uaits 


MW.2 


MW-2 


MW^ 


MW^ 


1 

Sm. 

s 

Sm. 

1.375 

1.187 

!  2.375  1 

1  3.375  I 

3.187 

1  4.375 

4.187 

1.812  I  1.625 


2.812  I  2.625 


3.812  I  3.625  I  3.437  I  3.2S0 


NOTE — Spaetfj  raalatainiii  raloa  and  aetnal 
wattapa  load  par  aoctloo  when  ordarina. 


miawi 

Any  required  marking  can  be  printed  on  the 
top  of  the  mounting  bracket. 


Conservative  ratings  and  high  heat  dissipat* 
ing  efficiency  allow  overloads  of  150%  indefi¬ 
nitely  with  negligible  adverse  effects. 

HUMIDITY 

Continuous  operation  at  40**  C.  in  an  atmos¬ 
phere  of  90%  relative  humidity  at  any  load — 
either  AC  or  DC  produces  no  effect  on  the 
resistor  element — operation  in  a  saturated  salt 
spray  bath  for  1000  hours  at  30**  C.  has  no 
effect  other  than  terminal  corrosion.  The  resis¬ 
tor  is  virtually  impervious  to  atmospheric 
conditions  of  any  type. 


TOLERANCE 

Standard  Tolerance  10% — Qoser  tolerance 
available  at  extra  cost. 

rKKtST  or  BATED  LOAD 

M  m  n  m  m  m  m  m  m  m  m 


4  trTtTTTttTMMtl  I  fttiHIrtTltlllltltlttl 


ISRIC 


PRECISION 


VOLTMETER  MELTIPLIERS 


JOINT  ARMY-NAVY  SPECIFICATION  —  JAN  R.29 


let  MFA,  MFB  and  MFC  Resistors  offer  a  proven  soiu- 
to  the  problem  of  finding  suitable  and  dependable 
tipliers  for  use  under  the  most  severe  humidity  condi- 
is,  such  as  are  encountered  in  marine  service.  Tney  may 
used  with  the  commonly  available  one  milliampere  DC 


instruments,  as  well  as  with  other  instruments.  Sensitivities 
of  1000  ohms  per  volt  or  more  rr  ay  thus  be  obtained,  which 
results  in  very  little  drain  on  the  power  supply.  They  are 
compact,  rugged,  stable,  fully  moisture-proof  and  easy  to 
install. 


(a)  Current  rating:  1.0  milliamperes  maximum. 

(b)  Voltage  rating:  The  voltage  rating  in  kilovolts  is 
numerically  equal  to  the  resistance  expressed  in 
megohms,  e.g.,  a  3  megohm  resistor  would  be 
rated  at  3  kimvolts. 


Monel  metal  ferrules  suitable  for  mounting  in  60 
ampere  form  #1  fuse  clips. 


rEMPCRATURC  COCFPICICNT 


INSULATION  RCSISTANCC 

Greater  than  10,000  megohms. 


Not  greater  than  0.02%  per  degree  centigrade  over 
temperature  range — 40°  to  100°  C. 


IURFACK  TEMPKRATUIIC  RISC 

Not  over  2S°  C.  at  standard  voltage  rating. 
internal  TCMPCRATURC  RISC 

Not  over  SS°  C.  at  standard  voltage  rating. 

FNEQUCNCY  cnaractcristics 


FCRRULC  SECURING 

Ferrules  will  resist  a  toraue  greater  than  S  inch 
pounds  without  shifting  or  loosening. 


MSVCRSC  LOADING 

Resistor  will  withstand  transverse  load  of  more  than 
25  lbs. 


RCSISTANCC  TO  NUMIOITY 


Resistance  non -inductively  wound.  Resistance  varies 
less  than  ^1%  at  any  frequency  up  to  and  including 
1,000  c.p.s. 


ilCLCCTRIC  STRENGTH 


The  resistor  will  withstand  more  than  9  cycles  of  the 
following  test  without  changing  more  than  1%: 

(a)  Keep  resistor  at  temperature  of  80°  C.  for 
hours  and  then  measure  resistance. 


Multmlier  will  withstand  a  voltage  of  more  than 
20,000  volts  peak  between  center  band  around 
resistor  and  shorted  terminals. 


(b)  Immerse  resistor  in  65°  C.  saturated  salt  solution 
for  2  hours. 


(c)  Transfer  to  bath  of  0°  C.  saturated  salt  solution 
for  2  hours.  Wash  in  clear  water. 


Nichrome  and  advaitce  enameled.  .0015^  diameter 


(d)  Maintain  resistor  at  80°  C.  for  H  hour. 

(e)  Apply  rated  voltage  for  IH  hours. 


1 


ilvMl-  1 

fwipt*  ' 


•  ^  MAI 


CERAMIC  —  The  winding  form  of  these  units  is  made  of  a 
non-hy^oacopic  ceramic  having  high  insulation  qualities,  high 
mechanical  strength  and  low  coefficient  of  expansion. 


WIRE  —  Only  ample  size,  special  alloy  wire,  specially  enamelled 
to  meet  a  rigid  insulation  test,  is  used  in  making  these  units. 
Not  less  than  .0014"  in  diameter. 


IMPREGNATION  -  The  winding  is  impregnated  with  a  spe* 
cial  varnish,  which  improves  the  insulation  and  eliminates 
breakdowns  and  shorted  turns.  The  characteristics  of  this 
impregnating  compound  are  such  that  it  hardens  with  high 
temperatures  instead  of  softening  as  is  the  case  with  the  wax 
impregnation  found  in  the  average  wire  wound  resistor.  Almost 
complete  protection  from  the  effects  of  high  humidity  results 
from  this  impregnation. 


TERMINALS  —  To  insure* positive  connection  at  the  teminali 
the  exclusive  IRC  molded  contact  is  employed  on  these  unit; 
This  eliminates  the  weakness  encountered  in  a  mechanical!' 
clamped,  soldered  or  welded  contact  and  forestalls  conti 
resistance,  loose  connections  and  noise. 

TOLERANCE  —  Standard  1.0%  tolerance.  Vi  and  1/10^ 
are  available.  Vi  and  1/10%  tolerance  are  measured  with  i 
temperature  correction  to  OS’F. 


TEMPERATURE  COEFFICIENT  -  Up  to  approximately 
of  maximum  value  shown— .002%/*C.  Beyond  25%— .017%/  C. 


ww-i 


CONSTRUCTION 


TECHNIQUE  —  Special  attention  has  been  paid  to  insure  trt 
fer  of  special  enamelled  wire  to  winding  form  without  stn 
or  break  in  insulation.  Special  tests  such  as  vcdtage  Bash,  etc. 
are  utilized  to  indicate  possible  shorted  turns  thus  insurini 
finest  quality. 


IRC  PRECISION  WIRE  WOUND  RESISTOR  SPECIHCATIOII 


401  N.  BROAD  ST.,  PHILA.,  PA.  •  IN  CANADA  International  Resistance  Co.,  Ltd.,  Toronto.  Licenses! 


Type 

Resistance 

Megohms 

K.  .Volts 

N«vy 
Typ«  No. 

MFA  355 

3.5 

3.5 

63775 

MFA  405 

4.0 

4.0 

63815 

MFA 

4.5 

4.5 

— 

MFA  505 

5.0 

5.0 

— 

MFA  605 

6.0 

6.0 

— 

Resistance  Maiimum  " 

Type  Megohms  Current  M.A.  K.  Voh, 

MFC  504  OJ  1.0 

MFC  804  0.8  1.0  0.1 

MFC  105  li)  1.0  IX 


Resistance  Navy 

.  Type  Megohms  K.  Volts  Type  No. 


MFB  105 
MFB  155 
MFB  205 
MFB  255 
MFB  305 
MFB  355 


63754 

63755 
63747 
63774 
63825 


AANCE 


TrrfMlnal 

Nmb- 

1  Mi4  aitt 

s  is/ie*  T/t' 


i.eoe 


e/i«'  e/u'  i.a  ahm  iM.aee*ii 


■el«wr  .14  mmti. 
I  wtfahMwr  RM 


I-  e/ie'  .1  .!.»  eae.eeeohm.  ijr.'i,. 


I  1/4'  S/4 


PRODUCERS  OF  "PACKAOED  ENERGY" 

6  NORTH  MICHIGAN  AVENUE  •  CHICAGO  3, 
SPECIALISTS  IN  PERMANENT  MAGNETS  SINCE 


VALPARAISO,  INDIANA 
CHAUNCEY,  WESTCHESTER 
COUNTY,  N.  Y. 
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TUBES  AT  WORK 


ISTlIlCtl®* 


•  When  you  select  a  TURNER  Microphone  for  better 
performance  you  automatically  choose  the  leader  in  style 
and  dependability.  The  accurate  pickup,  smooth  response, 
and  enduring  reliability  of  TURNER  design  and  con* 
struction  is  recognized  the  world  over.  Where  perform¬ 
ance  counts  most  you’ll  Turn  to  TURNER. 

THE  MODEL  22 — This  handsome  streamlined  unit  gives 
**smooth-as-silk”  performance.  Adds  distinction  to  any 
installation.  Ideal  for  both  voice  and  music  pickups. 
Widely  used  for  all-around  recording,  public  address, 
call  system,  and  communications  work.  90°  tilting  head 
permits  semi-  or  non-directional  operation.  Available  in 
a  choice  of  high  quality  crystal  or  dynamic  circuits. 
Complete  with  7  ft.  removable  cable  set.  Ask  your  dealer. 

WRITE  FOR  COMPLETE  MICROPHONE  CATALOG 


Cedar  Rapids,  Iowa 


MICROPHONES  LICENSED  UNDER  U  S.  PATENTS  OF  THE  AMERICAN  TELEPHONE  AND  TELEGRAPH  COMPANY,  AND  WEST¬ 
ERN  ELECTRIC  COMPANY,  INCORPORATED. CRYSTALS  LICENSED  UNDER  PATENTS  OF  THE  BRUSH  DEVELOPMENT  CO. 


TUBES  AT  WORK  (eoirting*dl 

that  the  oscillator  output  is  held 
quite  constant  regardless  of  tube, 
line-voltage  or  other  T^riations. 

The  output  circuit  for  the  second¬ 
ary  probe  coil  consists  of  a  diode 
peak  rectifier  and  a  d-c  voltmeter. 
Cancellation  of  initial  coupling  ig 
accomplished  by  adjusting  the  zero 
set  control  which  inserts  a  bucking 
voltage  in  series  with  the  rectified 
probe  input. 

Any  pentode  or  beam  power  tube 
is  suitable  as  an  oscillator.  A  25L6 
using  a  116-volt  plate  supply  is  ade¬ 
quate  for  driving  one  micrometer  at 
fiO-volt-amperes.  A  single  807  is  ca¬ 
pable  of  supplying  1,000  volt-am¬ 
peres,  more  than  enough  for  four 
micrometers. 

Micrometer  Performance 

The  metal  used  as  a  reference 
surface  has  some  infiuence  upon  the 
performance  of  the  micrometer. 
While  there  is  still  a  significant 
change  in  mutual  inductance  when 
.magnetic  materials  are  used,  a  rela¬ 
tively  large  initial  coupling  and  a 
loss  in  scale  factor  are  manifested. 
Ferromagnetic  materials  have  ap¬ 
preciable  permeability  effects  at  ra¬ 
dio  frequencies  so  that  there  is  an 
opposing  effect  added  to  the  reduc¬ 
tion  in  coupling  caused  by  eddy  cur¬ 
rents.  As  the  frequency  is  increased, 
the  performance  with  ferromag- 
I  netic  materials  tends  to  improve. 

I  but  nonmagnetic  metals  are  still 
preferable. 

Very  little  difference  in  perform¬ 
ance  can  be  observed  between  sur¬ 
faces  of  various  nonmagnetic  con¬ 
ducting  materials.  Brass  works 
equally  well  as  silver,  for  example. 
At  a  frequency  of  3  me,  it  has  been 
found  that  the  metal  need  be  only 
about  0.0001  inch  thick;  what  lies 
beneath  this  layer  does  not  matter. 
Thus,  a  convenient  way  to  make 
measurements  with  magnetic  mate¬ 
rials  is  to  plate  them  with  a  layer 
of  copper  or  silver,  for  instance,  to 
a  thickness  of  0.001  inch. 

If  the  diameter  of  the  metal  plate 
is  greater  than  li  times  that  of  the 
larger  probe  coil,  there  appears  to 
be  little  further  effect  due  to  the 
size  of  the  plate.  For  most  applica¬ 
tions,  it  is  suggested  that  the  plate 
be  no  smaller  than  the  coil.  A  hole 
in  the  center  of  the  plate  is  not  par¬ 
ticularly  detrimental  to  perform¬ 
ance  in  those  cases  where  lightnesi 
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Now  Available— 

A  liK  of  pusncoir  CLASSMKE 
RF  Trananittiie  Capacitors 


Superior  to  mica  capacitors  because: 

•  Greater  safety  factor 

(3500  VDC  Operating:  7500  VDC  Test) 

•  Lower*  RF  losses 

(See  current  rating  below) 

•  More  conveniently  mounted 

•  Less  chassis  space 

•  Smaller  overall  volume 

•  Impervious  to  moisture 

(The  GLASSMIKE  construction  is  100% 
sealed) 

•  Silicone-fluid  fliled 


The  above  advantages  ore  possible  by  the  use  oi  the 
Type  L  fUm  dielectric  which  has  lower  losses  than  mica. 


TYPE  LSG  —  PLASTICON*  GLASSMIKES 
3500  VDC  Operating  —  7500  VDC  Test 


— 

Cat  No. 

Cap.  ! 

Dimensions 

Current  Rating  in 

RF  Amperes 

List 

Mfd. 

OD  Length 

100  Kc 

300  Kc  1 

1  Me 

3  Me 

Price 

LSG500 . 

.00005 

19 

32'x1-3 

16' 

.02 

.05 

.16 

A1 

$1.50 

LSG101 . 

.0001 

19 

32 'x1  3 

16' 

.03 

.09 

.31 

.94 

1.50 

iLSG251 . 

.00025 

19 

32'x1-3 

16' 

.05 

.25 

i 

.5 

2.2 

1.50  j 

LSG501 . 

.0005 

19 

32*'x1-3, 

16' 

.15 

.5 

1.6 

3.0 

1.50 

LSG102 . 

.001 

19 

32''x1  9 

16' 

.31 

.94 

2.5 

1.70 

LSG202 . 

.002 

3 

4'  x1  9 

16' 

.62 

1.9 

4.5 

7.0 

2.45  j 

LSG502 . 

.005 

3 

4'  x1-3 

4' 

1.6 

3.1 

6.0 

7.0 

i  3.50 

LSG602 . 

1  .006 

,  29 

32 'xl  9 

16' 

1.9 

3.5 

1 

6.2 

7.0 

3.75 

LSG103 . 

.01 

i  29 

32‘’x1-3 

4' 

3.1 

1  5.0 

ro 

7.^ 

4.25 

*PLASTICONS— Plastic  Film  Dielectric  Capacitors 


Condenser  Products  C^fnpany 

I37S  NORTH  BRANCH  STREET  •  CHICAGO  77,  ILLINOIS 
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MANUFACTUREIS,  JOIIERS: 

Writ*  today  for  catalog  46N  of  ADC  oloctronic  componont*  or  foi 


Clote-np  Tiew  of  tho  oloctronic  portion  oi 
tho  ipood  cop  for  clocking  motorirU 
(ELECTRONICS.  Inly  1947.  p.  148).  Th* 
trcmomitter  ia  at  right  with  its  antonna; 
tho  rocoiTor  is  at  loft.  An  insulating  pansl 
protocts  tho  antonnas  from  damago 
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80,000  OHM  TESMINATIOIt 


TUBES  AT  WORK  (continu.d) 

of  the  metal  plate  or  vane  is  im¬ 
portant. 

If  the  surface  of  the  metal  is 
curved,  the  indicated  reading  is 
relative  to  some  average  displace¬ 
ment.  The  initial  mutual  induct¬ 
ance  is  larger,  so  that  more  buckout 
voltage  is  required,  but  incremental 
readings  are  very  nearly  the  same 
as  for  a  flat  plate.  There  is  no 
necessity  to  shape  the  end  of  the 
probe  form  to  match  the  surface, 
as  would  be  the  case  with  capacitive 
micrometers.  The  useful  linear 
range  is  reduced,  however,  because 
the  effective  surface  of  the  metal  is 
at  a  greater  distance  from  the  end 
of  the  coil  form. 

Some  measurements  have  been 
made  with  the  micrometer  to  ex¬ 
amine  the  effect  of  placing  materi¬ 
als  of  various  dielectric  constants 
between  the  probe  and  the  metal. 
This  is  the  usual  way  of  measuring 
insulation  thickness.  It  was  found 
that  any  error  resulting  from  the 
dielectric  constant  is  so  small  as  to 
be  within  the  accuracy  of  the  in¬ 
strument. 

The  electronic  micrometer  was 
developed  in  connection  with  proj¬ 
ects  for  the  Navy  Department,  Bu¬ 
reau  of  Ships,  by  M.  L.  Greenough 
and  W.  E.  Williams  of  the  Elec¬ 
tronic  Instrumentation  Laboratory 
of  the  Bureau  of  Standards.  A  pat¬ 
ent  application  has  been  taken  out 
in  the  name  of  the  United  States 
Government  and  will  be  made  avail¬ 
able  to  industry  without  charge. 


Low  frequency  response — (referred  to  1000  cps)  (High  level  +  26  vu. 
Low  level  —15  vu.): 

Secondary  unterminated,  30  cps,  —  2.0  db  at  low  levels. 

Secondary  terminated,  30  cps,  —  0.7  db  at  low  levels. 

High  frequency  response — (referred  to  1,000  cps): 

Operating  into  modes — unterminated,  up  to  15,000  cps,  dz  1  db. 

Operating  into  pentodes — unterminated,  up  to  15,000  cps,  ±  3  db. 

Operating  into  modes  or  pentodes — terminated,  up  to  20,000  cps,  ±0.5 
All  response  characteristics  are  well  within  catalog  claims  except  the  one 
high  frequency  condition.  Since  some  difference  in  response  will  result  in 
pentode  on  triode  grids  (due  to  reflected  capacitance)  it  was  thought  most 
desirable  in  designing  this  transformer,  to  flatten  the  triode  response,  per¬ 
mitting  the  pentode  response  to  rise.  This  rise  is  often  desirable  to  correct 
for  other  elements,  but  if  not  desired,  is  readily  removed  by  simple  termina¬ 
tion,  providing  versatile  usage. 

Under  an  ideal  condition,  response  flat  within  ’A^b  from  30  to  20,000 
cps  is  obtainable,  but  since  this  is  not  typical  of  all  applications  a  rating 

tKic  Kacic  micl^aHincr. 


SPEED  COP  AGAIN 


FREOUENCY  IN  CYCLES  PER  SECOND 


RESPONSE*  EISA 


Typical  of  ADC  design  is  this 
(type  21 5A)  input  transformer 
taken  at  random  from  stock  and 
submitted  to  the  test  shown  below. 
The  circuit  diagram  is  included 
to  allow  you  to  run  your  own  com¬ 
parative  performance  tests. 


FREQUENCY  RESPONSE 


svo^ 


-  2 1 S A  Input  Transformor 

•  R*>pon$«  ^  I'A  db  SO  to  10,000  cpt 
0  Ratio  600  to  SO, 000  otwis. 

•  Maximum  oporoting  lovol  +  26  vu. 
o  Com,  14A  (2'x2%'x3'  high). 


APPLICATIONS  PROVE 


THOUSANDS  OF  SUCCESSFUL 


OF  DESIGN  ENGINEERS 


S«ri*«  R  Siappar 
Thraa  basic  typas  of  A.  C. 
and  D.  C.  oparolion ;  con¬ 
tinuous  rotation,  odd  and 
subtract,  alactricol  rasat. 
First  two  typas  hava  40 
octiva  positions,  alactri- 
col  rasat  has  36  contocts. 
All  thraa  typas  follow  10 
pulsas  par  sacond  with¬ 
in  rotad  voltoga  ronga. 


Sarias  A-300  Raloy 
Dasignad  for  low  loss 
ontanno  chonga-ovar, 
Stroight  lina  positiort 
of  scraw  tarminols  and 
contact  springs  main¬ 
tains  aqual  spocing  thru 
raloy  from  transmis¬ 
sion  lina  to  transmittar. 
Raducas  impadonca 
mismatch  to  minimum. 


Sarias  12  A.  C  Solanoid 
For  intarmittant  and 
continuous  duty.  Rotad 
at  6  V.  to  230  v.,  60  c.. 
A.  C.  Stroka  rongas  from 
1/8"  up  to  7/8  .  Sarias 
6  D.  C.  rotad  6  v.  to  230 
V.  Stroka  1  /8"  up  to  2". 


T-110  Tima  Oatoy 
Providas  daloyed  oparo- 
tion  from  10  to  60  seconds 
using  o  rasistonca  wound 
bi-motol  strip.  In  rodio  it 
pravants  domt^a  to  racti- 
liars  and  tuba  filomants  by 
retarding  plota  currant  until 
lubes  ora  suffkiantly  haotod. 
Used  widely  in  industry 
to  change  circuits  after  a 
prodatarmined  interval. 


Ssfics  600  Relay 
Small,  compact,  low- 
cost.  Size:  2  1/8"  x 

1  1/2"  X  1  1/8". 

Contact  combina¬ 
tions  up  to  4  P.  D.  T. 
Power  consumption, 
6  V.A.  Max.  cop.,  8 
amps,  3  V.  to  230  v. 
A.  C.,  or  3  V.  to  110 
V.  D.  C.  Coil  and 
contact  assemblies 
interchangeable. 


Sarias  59S  D.  C  Raloy 
Midget  telephone  type 
unusual  for  amount  of 
power  provided.  Size 
only  1  7/16"  x  1  3  8  " 
X  1 ".  Thraa  outstanding 
features  —  frictionless 
pivot  — proper  copper- 
iron  bolaiKe— capacity 
to  carry  up  to  8  single 
pole,  single  throw 
contact  combinations. 


Sarias  100  A.  C  Raloy 
Used  successfully  in 
automatic  home 
washing  machines. 
It  is  incorporated  in 
many  new  house¬ 
hold  OMliancas  now 
on  drafting  boards. 


Series  220  A.C.  Raloy 
Capable  of  breaking 
currants  up  to  20  amps 
at  230  V.. 60  c.,  A.C, 
non-inductive  load. 
Bokalite  contact  block 
tests  1500  V.  break¬ 
down  to  ground. 
5/16"  dual  contacts 
minimize  arcing. 


Faced  with  responsibilities  for  the  design  and  successful  performance  of  their  componies'products, 
American  design  engineers  ore  eagerly  turning  to  Guardian  Electric  first  for  relays  and  complete 
control  assemblies.  They  find  at  Guardian  a  vast  wealth  of  application  and  performance  data, 
an  expert  engineering  staff  with  more  than  a  decade  of  specialized  experience  solving  the 
most  complex  and  widely  diversified  control  problems.  Such  experience  offers  design  engineers 
an  extra  bonus  value  thru  practical  suggestions  and  valuable  specific  recommendations  given 
without  cost  or  any  obligation.  Should  your  design  call  for  a  "special"  control.  Guardian  has 
probably  built  the  self*same  principle  you  seek  into  one  of  its  large  line  of  bask  type  units. 
When  such  a  basic  type  unit  becomes  the  "special"  you  need  thru  slight  variations,  the  savings 
in  time  and  money  are  substantial,  you  circumvent  die  costs  and  beat  delivery  schedules  in  the 
bargain!  Should  special  engineering  be  required,  our  staff  is  at  your  disposal.  Write  —  call  on 
Guardian  for  these  excellent  controls  designed  by  Guardian  engineers  for  engineers.  Expert 
advice  is  yours  for  the  asking  to  help  you  design  better  products  thru  improved  techniques 
which  are  now  so  vital  to  meet  competition. 
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Designed  and  Fabricated 
by  the  Manufacturers  of  High  Quality 
Sound  and  Recording  Equipment  for 
the  Motion  Picture  A 

Industry 
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FIG.  4 — RadioactiTity  meter  uses 

nonmicro 

phonic  Bubminioture  electrometer  tube 


capacitance  variation  can  be  mini¬ 
mized  by  connecting  the  tube  di¬ 
rectly  across  a  large  fixed  capaci¬ 
tance,  if  rapid  changes  are  not  to 
be  measured. 

In  portable  equipment,  the  sub¬ 
miniature,  battery  operated  (hear¬ 
ing  aid)  tubes  have  been  used.  Be¬ 
cause  such  equipment  is  subject  to 
severe  vibration,  microphonics  in 
these  tubes  are  particularly  trouble¬ 
some.  However  the  nonmicro- 
phonic  subminiature  CK570AX  elec¬ 
trometer  triode  (developed  by  the 
Special  Tube  Section  of  Raytheon 
Mfg.  Co.  for  the  U.  S.  Atomic 
Energy  Commission  in  cooperation 
with  their  Argonne  National  Lab, 
and  now  commercially  available) 
measures  currents  as  low  as  10“ 
ampere  (0.01  micromicroampere) 
without  developing  objectionable 
microphonics  in  its  output  when  vi¬ 
brated.  Filament  heating  power  is 
12.5  milliwatts.  This  tube  was  de¬ 
signed  for  use  in  the  recently  de¬ 
classified  Zeus  circuit  shown  in  Fig. 
4.  The  ionization  chamber  has  a 
one-litre  capacity,  a  0.26  volt  input 
across  the  grid  resistor  giving  full 
meter  deflection.  The  circuit  consti¬ 
tutes  a  simple,  portable,  inexpensive 
meter  for  health  surveys  to  protect 
personnel  working  with  radioactive 
materials  or  x-rays. 


Built  by 
skilled 
union 
craftsmen 
and  fully 
licensed 
under  U.  S. 
patents  of 
The 

American 
Telephone  & 
TelegraphCo. 
and 
The 

Western 
Electric  Co. 


The  NEW  COMMERCIAL 
Studio  Quality 

AMPLIFIERS 

by  Bardwell  &  McAlister,  Inc. 


The  advanced  functional  design  of  Bardwell  &  McAlister's 
New  12  and  25  watt  Commercial  Amplifiers  is  based  on 
the  long  experience  of  our  electronic  engineers  in  the 
design  and  manufacture  of  Audio  Equipment  for  the 
Motion  Picture  Industry,  where  quality  is  a  requisite. 

This  new  line  of  Commercial  Amplifiers  answers  the 
great  demand  of  Sound  Engineers  for  commercial  ampli¬ 
fiers  embodying  the  proven  principles  of  "custom-built” 
design  so  successful  in  Hollywood  Studio  Sound  Equip¬ 
ment  .  . .  The  RESULT— high  fidelity  reproduction  at  any 
setting  of  volume  controls  up  to  full  rated  output;  less 
than  4X  distortion;  versatility  of  application.  These  Ampli¬ 
fiers  have  an  ease  of  operation  and  long  life  found  only  in 
Bardwell  &  McAlister  Studio  Quality  Amplification  Systems. 

•  Designers  and  Manufacturers  of  Custom-Built 
__  Broadcast  Speech  Equipment,  School  Sound  Systems 

and  Recording  Equipment.  Estimates  gladly  given. 


Magnetron  as  D-C  Amplifier 

Control  of  one  current  by  another 
can  be  effected  with  a  classical 
magnetron.  (As  originally  used, 
“magnetron”  meant  a  magnetically 
controlled  diode,  not  an  oscillator  de¬ 
pending  on  the  reaction  of  an  alter¬ 
nating  potential  field  on  electrons 
moving  in  a  static  magnetic  field. 
This  abstract  concerns  the  magneti- 


ELECTRONIC  DIVISION 

BARDWELL  &  McALISTER,  INC 

HOLLYWOOD,  CALIFORNIA 
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TRONICS 


I  ELECTRON  ART 


(coittIniMd) 


FOR  WIDE  ADAPTABILITY 


These  Amrecon  multiple  purpose  relays  ore  de¬ 
signed  for  either  A.C.  or  D.C.  operation.  Each  is 
available  in  a  variety  of  contact  combinations 
and  capacities.  Most  units  are  available  in  light 
and  heavy  duty  contacts  nominally  rated  from  5 
to  15  amps,  1 15  volts  A.C.,  noninductive.  Others 
are  rated  as  high  as  50  amps,  at  115  volts  A.C., 
noninductive.  The  relays  illustrated  are  but  a  few 
of  our  many  types. 

We  are  especially  well  equipped  to  assist  you 
in  your  engineering  problems  and  can  supply 
special  units  to  meet  your  most  exacting  relay 
requirements. 

Your  inquiry  will  receive  prompt  and  courteous 
attention. 

Write  for  our  4-page  illustrated  bulletin 


ENGINEERING 


'KNOW-HOW' 


OFFICES  IN  PRFNCIPAL  CITIES 

American  Relay  Controls,  Inc. 

2555  DIVERSEY  AVE.  •  CHICAGO  47,  ILL. 


CATHODE  '-ANODE  —  CONT 90.  SOLENOID 


1  I  IDEAL  magnetron! 

*•  '  (FIXED  V.)  ' 


At  the  top  is  the  basic  mognetron  connec¬ 
tion:  cunent  in  the  solenoid  produces  a 
magnetic  flux  H.  Below  is  the  magnetron 
characteristic  for  a  fixed  anode<athodt 
potential,  decreasing  that  potential  moTet 
the  cutoff  to  the  left,  decreasing  the 
heater  current  lowers  the  saturation  cur¬ 
rent  orailable  at  low  magnetic  flux 

cally  controlled  diode.)  The  advan¬ 
tage  of  the  magnetron  over  a  grid 
controlled  tube  is  that  the  control¬ 
ling  circuit  can  be  at  a  radically 
different  potential  with  respect  to 
ground  than  the  controlled  circuit. 
Thus,  in  a  particular  x-ray  appli¬ 
cation,  the  solenoid  that  was  wound 
about  the  diode  for  control  was  at 
ground  potential  while  the  anode- 
cathode  circuit  of  the  diode  was 
about  100  kv  above  ground  in  the 
target  circuit  of  the  x-ray  tube. 
Furthermore,  variations  in  sole¬ 
noid-ground  potential,  except  as 
they  might  affect  the  solenoid  cur¬ 
rent,  do  not  affect  the  output  cir¬ 
cuit,  thus  the  magnetron  is  ideally 
suited  to  direct-current  amplifica¬ 
tion. 

Magnetic  Sensitivity 

The  analogous  paramaters  ampli¬ 
fication  factor  and  internal  resis¬ 
tance  of  a  triode  are  magnetic  sen¬ 
sitivity  Pm  =  and  inter¬ 

nal  resistance  Ri  —  \/ {bi/bV A)n- 
In  an  ideal  magnetron,  current  flows 
for  a  fixed  value  of  anode-cathode 
voltage  Va  until  a  critical  magnetic 
field  Hg  is  reached  at  which  point 
the  current  abruptly  drops  from  its 
saturation  value  to  zero.  However, 
in  an  actual  magnetron,  because  of 
asymmetry  in  its  radial  and  axial 
geometry  and  other  variations  espe¬ 
cially  edge  effects  of  the  electrodes, 
the  discontinuity  of  current  is  less 
abrupt,  being  as  shown  in  the  ac¬ 
companying  drawing.  For  not  too 
small  values  of  Vg  and  Hg  the  mag* 
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VaRIAC  voltage 


CONTROLS 


THE  Type  V-5  VARIAC  is  the  most  popular  of  a  number 
-*■  of  different  models.  For  over-  and  under-voltage  testing, 
compensation  for  varying  line  voltages,  and  general  a-c  power, 
heat,  speed  and  light  control,  its  rating  of  862  volt-amperes 
seems  to  cover  a  majority  of  applications. 

I 

We  have  been  concentrating  our  VARIAC  production  facilities 
on  this  model  and  are  gradually  getting  out  of  the  woods. 

The  Type  V-5,  like  others  in  the  new  *V’  series,  is  a 
=  decided  improvement  over  its  predecessors.  Lighter  in  weight 
I  by  25%,  with  new  unit  brush  construction  which  cannot  cause 
damage  to  the  winding  if  the  brush  wears  down,  having  a  heavy- 


duty  lines  switch,  equipped  with  a  polarity  indicator  in  the  con¬ 
venience  'load’  outlet,  provided  with  a  new  molded  terminal 
plate  for  efther  screw  or  solder  connections,  and  furnished  with 
a  newly  designed  knob  and  dial  with  big  calibration  figures  for 
reading  at  a  distance,  these  new  VARIACS  are  more  convenient 
to  use  .  .  .  more  efficient  in  operation  .  .  .  last  longer. 

The  VARIAC  is  the  ideal  a-c  voltage  control.  It  has  the  con¬ 
venience  of  the  rheostat  with  the  efficiency  of  the  transformer; 
unlike  a  rheostat  it  provides  control  voltages  17  per  cent  higher 
than  the  line  voltage  .  .  .  and  these  voluges  are  continuously 
adjustable  from  ZERO. 


SKClFICATIONSt 


115  VOLT— TYPE  V-5 


230.VOLT— TYPE  V-EH 


LOAD  RATING  (KVA) 

.869 

.575 

Input  VolUse 

115 

930  or  115 

Output  VolUse,  ZERO  to 

135  or  115 

970  or  930 

Rated  Cunent  (Amps.) 

5 

9  or  1 

Mai.  Current  (Amps.) 

7.5 

9.5 

TYPE  V-S  SIS.SO 

TYPE  V-5H  $11.00  ^ 

PRKE— Cased  (9) 

PRICE — Mounted  (3) 

TYPE  V-SM  10.50 

TYPE  V-SHM'^  13.00 

TYPE  V-SMT  tS.OO 

TYPE  V-SHMYf  17.50 

(T)  At  Mt  in  il 
(?)  Center  ei  fi 
(J)  At  rlfht  of 


illustrotion 
lllottrotlon 
f  iHmstrotion 


t  All  dMoVor  60-crcfe  eaeretien 


Tfk  230-voltTmo^ls  (y-5H)7«re 
similof  in  czternef  eppeerence  ond 
silt  to  tho  corrotpondinf  11S-volt 
(V-5)  units  shown  In  tho  Illustrotion 


*  Reg.  U.  5.  M.  Off.  VARIACS  ore  patented  under  U.  S.  Pot.  No.  2,009,013  and  British  Pat.  No.  439, S<7.  Tho  VARIAC— and  original  continuously- 
adjustod  transformor—is  manufacturod  and  sold  otcludroly  by  Genera/  Radio  Company  or  its  authoritod  agents. 


ORDER  NOW! 


Prompt  shipment  probably  con  be  made  on  all 
models  of  the  Type  V-5. 


GENERAL  RADIO  COMPANY 


Cambridge  39 
Massachusetts 


90  West  St.,  New  York  6 


920  S.  Michigan  Ave..  Chicago  5 


9S0  N.  Highland  Ave.,  Los  Angeles  38 
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ELl'-CTRON  ART  (continutd) 

netic  sensitivity  can  be  taken  as  the 
slope  of  the  magnetic  characteristic 
curve,  or  as  /X  =  2(n/6.74)*Hi  = 
(r^/3.37)V/'*  in  which  n  is  the  ef¬ 
fective  anode  radius  (its  geometric 
radius  if  the  cathode  is  of  negligi. 
ble  radius  and  the  tube  is  axially 
symmetrical). 

If  a  grid  is  placed  close  to  the 
anode  and  at  cathode  potential,  the 
sensitivity  of  the  magnetron  will  be 
increased  because  the  magnetic  field 
will  then  have  an  opportunity  to  de¬ 
flect  the  electrons  in  a  weak  elec¬ 
tric  field  over  most  of  their  path. 
If  the  amplification  factor  of  the 
grid  is  G,  the  sensitivity  of  the  grid 
magnetron  is  ^  =  2G(ri/6.74)*fl. 
The  anode  potential  will  have  to  be 
higher  for  the  tube  to  conduct  a 
reasonable  current,  but  this  is  usu¬ 
ally  no  drawback  considering  the 
enhanced  sensitivity  (A  Magne¬ 
tron  for  D.  C.  Voltage  Amplifica¬ 
tion,  H.  B.  G.  Casimer,  Philips 
Technical  Review,  p  361,  Dec. 
1946). 


When  you  use  parts  that  have  a  nationally 
known  trade-name  you  aid  the  sale  of  proa- 
ucts.  With  this  pur[>o6e  in  mind  the  Webster 
Electric  Company  have  advertised  their 
cartridges  in  the  Saturday  Evening  Poet  . . . 
making  consumers  conscious  of  the  impor¬ 
tance  of  this  small  part. 

The  Webster  Electric  Cartridge  is  available 
with  a  wide  range  of  characteristics  to  meet 
your  requirements  .  .  .  correct  weight, 
response,  voltage  output  and  other  require¬ 
ments.  They  are  of  balanced  construction 
that  produce  maximum  output  at  designated 
tracking  pressures  with  minimum  distortion 
and  minimum  mechanical  reproduction.  All 
models  offer  exceptionally  uniform  response 
over  the  desired  range  of  frequencies. 

^^bster  Electric  Cartridges  are  carefully 
designed  and  manufactui^  under  highest 
quality  standards.  They  have  been  on  the 
market  for  years,  and  during  this  time  have 
proved  their  value  for  long  life  and  top 
performance. 

In  addition  to  cartridges,  Webster  Electric 
Company  manufactures  complete  tone  arm 
assemblies  of  improved  design,  in  a  wide 
selection  of  models. 


Measuring  Distance 
Precisely 

Relative  phase  relationship  be¬ 
tween  continuous-wave  radio  sig¬ 
nals  is  used  (as  in  an  interferom¬ 
eter)  to  measure  distance  to 
accuracies  within  several  inches 
per  mile  with  the  Raydist  (radio 
distance)  developed  by  C^harles  E. 
Hastings.  Using  a  heterodyne  sys¬ 
tem,  circuit  errors  are  canceled 
thus  producing  high  precision.  The 
equipment  can  be  used  in  survey¬ 
ing,  indicating  positions  of  air¬ 
planes  and  their  true  ground 
speeds,  plotting  the  trajectory  of 
missiles,  or  maritime  navigation. 
The  equipment  is  light  enough  to 
be  readily  transportable. 

Hyperbolic  Coordinate* 

As  used  in  most  applications,  the 
equipment  is  arranged  as  in  Fig. 
1.  The  mobile  transmitter  is  car¬ 
ried  by  the  vehicle  whose  position  is 
to  be  measured.  The  system  as 
shown  provides  one  set  of  hyper¬ 
bolic  interference  lines  in  space. 
Motion  along  the  pattern  is  de¬ 
tected  by  the  differences  in  phase 
at  two  a-m  receivers.  Operation  is 
at  12,862.5  kc  so  that  each  half 
wavelength  is  38.225  feet.  The  beat 
frequency  developed  at  an  a-m  re- 
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HEAT  TREATING 


SINTERING 


DEGASSING 


BRIGHT  SOLDERING 


METAL  DISTILLATION 


THERMAL  REDUCTION 


MELTING  and  CASTING 


PRODUCTION  FURNACES  —  MELTING  AND  CASTING 


High  Vacuum  Metallurgy  is  not  new  as  labo¬ 
ratory  technique.  It  is  new  as  a  practical  indus¬ 
trial  operation. 

For  the  first  time,  National  Research  Corpora¬ 
tion  offers  its  services  to  design  and  build,  to 
your  requirements,  furnaces  which  operate  in 
the  micron  pressure  range.  Pressures  run  as  low 
at  10  '‘  mm.  Hg.  absolute. 

Six  years’  experience  in  the  engineering  and 
construction  of  High  Vacuum  metallurgical 
equipment  is  at  your  disposal.  Write  National 
Research  Corporation. 


HEAT  TREATING  — 
DEGASSING  FURNACE 


!  VACUUM  ENGINEERING  DIVISION, 
National  Research  Corporation, 
Cambridge  42,  Massachusetts 


NATIONAL\RlESEARCH  CORPORATION 
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Communications  Division 


Since  1922  in  Radio  and  Electronics 


231  WEST  19th  STREET 


NEW  YORK  11,  N.  Y 


ELECTRON  ART 


R /TOWER 


RCCeiVFB 
NO  2 


TRANS¬ 

MITTER 


MOBILE 

A-M 

TRANS¬ 

MITTER 


F-M 

relay 

trans¬ 

mitter 


amplifier  I 

AND 

INDICATOR 


A-M 

RECEIVER 
NO.  I 


RELAY 

RECEIVER 


FIG.  1 — Airline  distance  is  measured  with 
this  setup 

ceiver  is  relayed  by  f-m  radio  or 
land  line  to  the  amplifier-indicator. 

Such  an  arrangement  of  equip¬ 
ment  as  described  above  indicates 
range  from  a  reference  point.  If 
position  is  to  be  indicated,  an  addi¬ 
tional  a-m  receiver  is  added  and  the 
beat  frequency  developed  by  it  used 
with  the  beat  frequency  from  either 
of  the  other  two  receivers  to  obtain 
an  additional  coordinate  thus  giv-  I 
ing  a  fix. 

Phase  Integration 

The  beat  frequency  developed  at 
each  a-m  receiver  as  a  consequence 
of  its  receiving  signals  from  two 
transmitters,  the  fixed  reference 
one  and  the  mobile  one,  is  fed  as  a 
phase  shift  through  the  amplifier 
shown  in  Fig.  2  to  a  counting  syn¬ 
chro.  As  the  received  phases 
change,  the  synchro  rotor  revolves 
driving  the  distance  counter.  Be¬ 
cause  the  frequency  of  the  beat  is 
proportional  to  the  speed  of  the 
mobile  transmitter,  true  ground 
speed  of  an  aircraft  can  be  indi¬ 
cated  by  feeding  the  beat  frequency 
to  a  direct-reading  frequency  meter 
calibrated  in  units  of  speed. 

That  only  the  frequency  of  the 


T«t«rb«ro  —  bwilMl  little  centtel 
towM  in  the  covniryl  Mora  ttion 
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Now— more  traffic  for  the  smaller  airport  with  Radio  Receptor's  low-cost  "packaged 
radio  stations!"  Compact,  easily  installed,  need  little  maintenance. 

Teterboro's  experience  proves  that  reliable  ground-to-air  communications  is  a 
*'must"  for  successful  and  profitable  airport  operation. 

Teter  Tower  has  them  coming  in  fast  and  in  all  sizes,  but  the  tower  picks  them  out 
of  the  air  cleanly,  whether  It  be  a  multi-engined  cargo  plane  or  a  smaller  local 
plane;  and  leads  them  to  the  ground  with  a  minimum  of  jamming. 

Not  only  at  Teterboro,  but  at  nearly  every  major  airport  in  the  country  and  at  many 
oirlines,  such  as  La  Guardia  field,  Washington  National  Airport,  American  Over¬ 
seas  Airlines  and  others,  you  will  find  Radio  Receptor  high  and  low  frequency 
communications  equipment,  beacons,  ranges,  and  other  navigational  aids  for 
ground-to-air  traffic  control. 

Let  us  help  you  plan  your  airport  traffic  control  system  today.  Write  today  for  full 
information  on  "Packaged"  VHP  and  LF  Radio  Stations,  LF,  HF  and  VHP  Receivers 
and  transmitters.  Address  Dept.  C-l 


VHF  TranimlttM 
"Pockagu" 
Type  TV  so  A 


Ceramic  and  Manufacturing  Co 


Cable  Address  ‘STUPAKOFf,  LATROBt  PA 
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Complete  dimensions,  capacities  and  rat¬ 
ings  for  more  than  one  hundred  and  sixty 
different  standaurd  Stupakoff  Kovar- Glass 
Terminals  are  included  in  Bulletin  447, 
pages  of  which  are  reproduced  above.  In 
addition  to  these,  Stupakoff  is  prepared  to 
make  special  designs  when  required.  The 
illustrations  at  the  left  show  a  few  of  the 
vaurieties  of  terminals  listed  in  this  bulle¬ 
tin.  If  you  use — or  expect  to  use — metad- 
glass  terminads,  you  should  have  a  copy 
of  this  informative  data  book.  Send  today 
— it*s  free  I 


ATTACH  THIS  COUPON  TO  YOUR  BUSINESS  LETTERHEAD 

AND  SEND  TODAY 

STUPAKOFF  CERAMIC  &  MFC.  CO. 

Please  send  a  copy  of  Bulletin  447  to : 


NAME. 


COMPANY. 


ADDRESS. 
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SOLVING 

resistor 


TABLE  I 


"Globar”  Type  "A”  Ceramic  Resistors 
by  "CARBORUNDUM”  are  fired  at  tem¬ 
peratures  up  to  2500°F.  in  electrically 
heated  furnaces  under  carefully  controlled 
conditions. 

They  are  conservatively  rated  and  possess 
a  high  degree  of  Permanence  of  Charaaer- 
istics.  They  will  not  exhibit  a  permanent 
change  of  charaaeristics  after  moderate 
temporary  overloads. 

They  have  a  small  negative  temperature 
coefficient  of  resistance  ranging  from  0.08 
per  cent  per  degree  C.  for  low  resistance 
values  up  to  0.12  per  cent  per  degree 
Centigrade,  for  resistance  values  up  to  0.1 
megohm. 

Type  "A”  resistors  in  R.M.A.  values  are 
calibrated  by  the  comparison  method  on 
the  voltages  specified  in  Joint  Army  and 
Navy  specification  JAN-R-11.  Type  "A” 
resistors  can  be  manufaaured  in  any  size 
and  resistance  range  listed  in  the  accom¬ 
panying  tables.  The  Carborundum  Com¬ 
pany,  Globar  Division,  Niagara  Falls,  N.Y. 


TABLE  II 


areo 

rent 


Res/stnrt  Ihttd  in  Tahlt  II  can  bt 
supptinJ  u  ith  metallizeJ  ends  of 
brass,  copper,  nickel,  tinned  brass 
or  tinned  copper,  also  with  tinned 
copper  wire  (No.  14  B.5.G.)  leads 
approximately  six  inches  long. 
Reastame  tolerances  on  Type  "A” 
Reditors  limited  to  ±  10%  and 
±  20%  only. 


TRADE  MARK 


’Carborundum”  and  ’’Cilohar”  are  registered  trademarks  u  hich  indicate  manufacture  by  I  he  (.itrhorundum  (.oml>any 
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Part 

Nnhtr 

tatinii 

Watte 

lasistaKi 

Raat** 

Ovaral 

Laaftk 

lachts 

Ovtrall 

Omatar 

lacbas 

Tiaaad 

lira 

Laaftt 

Cappar 

laais 

Biamtar 

997-A 

ys 

10  Ohms  — 4.7  AA«gohms 

«/64 

764 

i‘A' 

0.016' 

763-A 

Va 

10  Ohms  —  15  Megohms 

% 

73* 

i*A' 

0.032' 

759-A 

V4 

10  Ohms —  15  Megohms 

% 

74 

iV4' 

0.032' 

76«-A 

1  . 

10  Ohms —  15  Megohms 

74 

iV4' 

0.032' 

792-A 

3 

10  Ohms  -  150000  Ohms 

‘732 

0.040' 

774-A 

5 

10  Ohms -220000  Ohms 

2% 

'%2 

0.040' 

•R.M.A.  VoloM  ± 

10X  and  ±  20X  only. 

Dnaatar  ia 
lackas 

lasistaaca  ia  Ohau 

Par  iKh  af  Laaitli 

MMm  HiiIwm 

Laaftk  ia 
lackas 

MMmm  Msiimm 

RATINt 

V4 

10 

250000 

2 

8 

Continuous  Duty 

% 

7 

250000 

2 

10 

Rating  is  based 
on  one  watt  per 

% 

3 

100000 

3 

18 

sq.  in.  of  external 

1 

2 

50000 

4 

18 

radiating  surface. 
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(continu«4) 


•  Operates  as  voltage  relay,  current  relay  or 
time  delay  switch. 

•  Suitable  for  A.C.  or  D.C. 

•  Control  circuit  current  25-80  milliamps. 

•  Load  current  up  to  30  amps  at  440  volts. 

•  Silent. 

•  Non-inductive  control  circuit — hence  control 
circuit  contacts  don't  deteriorate. 

•  Non-arcing,  therefore  no  deterioration  of 
load  contacts. 

IMMEDIATE  DELIVERY 

ThoHsands  of  Sonvie  Hetwiro  Vacoum  Swifekot  kavo 
been  in  u*e  for  many  years  fkroMghout  tke  world. 
Please  write  for  Catalogue  VS.  10. 


mobile  transmitter  determines  the 
accuracy  of  the  system  can  be  seen 
from ‘the  following  considerations. 
The  mobile  transmitter  frequency 
f  is  heterodyned  by  a  reference 
transmitter  operating  on  a  slightly 
higher  frequency  (/  +  A/).  The 
first  receiver,  which  the  mobile 
transmitter  is  approaching,  re¬ 
ceives  the  signal  from  the  mobile 
transmitter  at  a  slightly  higher 
frequency  as  a  result  of  Doppler 
effect,  but  receives  the  signal  from 
the  fixed  transmitter  without  modi¬ 
fication.  This  receiver  beats  these 
two  frequencies  giving  a  frequency 
/h,  =  (/-!.  A/)  -  (/  +  fV/O 
.  =f  +  i^f  -  f  -  fV/C 
=  A/  -  fV/C 

where  C  is  the  velocity  of  propaga¬ 
tion  of  the  radio  signals,  and  V  is 
the  velocity  of  the  mobile  transmit¬ 
ter  toward  the  first  receiver.  Simi¬ 
larly,  the  frequency  developed  by 
the  receiver  from  which  the  mobile 
transmitter  is  receding  is 

/k.  =  +  fV/C  - 

These  two  heterodyne  signals  are 
mixed  giving  a  beat  frequency 
/b  =  /.,  -  /k.  =  2fV/C 
Thus  all  but  the  mobile  transmitter 
frequency,  the  velocity  of  propaga¬ 
tion,  and  the  desired  speed  (inte¬ 
grated  into  dis^nce)  cancel  out. 

Because  the  system  compares 
beats  produced  at  two  different 
points  from  the  same  two  frequen¬ 
cies,  it  is  free  from  drifts  in  the 
receiving  equipment.  Use  of  a 
transmitter  in  an  airplane  or  other 
vehicle  whose  position  is  to  be  indi¬ 
cated  increases  the  efficiency  of  the 
system  over  that  of  radar  methods 
depending  on  reflections  from  pas¬ 
sive  targets,  and  is  more  accurate 
than  methods  relying  on  transpond¬ 
ers,  In  applications,  the  indicator 
can  be  at  any  position,  such  as  with 
the  mobile  transmitter  on  the  air¬ 
plane,  the  two  receivers  being  at 
airports  between  which  the  plane 
flies  and  the  reference  transmitter 
between  them.  The  system  is  espe 
cially  useful  in  measuring  velocity 
of  propagation  of  radio  waves. 


SUNVIC 


SUNVIC  CONTROLS  LTD. 

10.  ESSEX  STREET.  STRAND, 
LONDON,  W.  C.  2.  ENGLAND 


TAS/SC  191. 


Vertical  Position  Indicator 

Gas-filled  Y-type  position  convec 
tron  tube  develops  an  unbalance 
voltage  proportional  to  the  sine  of 
the  angle  of  rotation  from  the  ver 
tical.  Thus  the  tube  is  a  useful 
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On  the  industrial  level,  excellent  optical 
and  other  characteristics  have  prompted  its 
use  in  sight  gauges,  in  chemical  pipe  and 
equipment.  A  versatile  plastic,  easily  heat- 
formed  into  many  different  shapes.  Metha¬ 
crylate  is  a  material  well  worth  investiga¬ 
tion  —  and  Plax  is  probably  the  best  source 
of  help  you  can  find. 


You  can  say  that  convincingly  about 
Methacrylate  from  Plax  —  literally,  too. 
Its  unblemished  crystal  clearness  makes  it 
a  top  material  for  costume  jewelry  — 
fountain  pen  stocks  —  furniture  —  and 
many  other  products  where  jewel-like  eye 
appeal  is  desired.  It  is  also  a  scintillating 
display  material. 


CHART  ON  "HOW  TO  USE  PLASTICS" 

Now  availablo  for  the  asking  is  a  table  of 
properties  for  six  materials  available  from 
Plax  in  various  forms  and  formulae.  This  has 
been  incorporated  in  the  Plax  catalog,  which 
olso  contains  helpful  information  on  the  pri¬ 
mary  uses  of  each  material. 

A  copy  will  be  sent  promptly  upon  receipt  of 
your  request. 

Between  the  resources  of  Shaw  Insulator 
Company,  Irvington  11,  N.  J.,  and  Plax  Cor¬ 
poration,  Hartford  5,  Conn.,  you  can  find  help 
on  virtually  every  material  and  method  in 
plastics  today. 


LASTICS 


133  WALNUT  STREET  ★  HARTFORD  5.  CONNECTICUT 
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Filament 

-6AS  (ARGON)' 
-GLASS 

envelope 

-SPRING 
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center-^ 


unbalance  (XJTPUT 


ConTectron  ▼•rtical  position  sensing  tubi 
made  by  Eclipse-Pioneer  Die.  oi  Bendix 
changes  resistance  oi  its  two  arms  when 
displaced  in  the  plane  through  its  legs 


sensing  element  in  positioning  ser¬ 
vomechanisms.  It  is  simpler  to 
mount  than  mechanical  indicators, 
has  no  moving  parts,  and  directly 
gives  an  electrical  output. 

Operating  Characteristics 

The  tube  and  bridge  circuit  in 
which  it  can  be  used  are  shown  in 
the  diagram.  The  filament  is 
heated  by  either  alternating  or  di¬ 
rect  current.  It  looses  heat  chiefly 
by  gas  convection.  Because  the 
gas  convection  currents  rise  ver¬ 
tically  passing  the  filament  at  an 
angle  dependent  on  the  tube’s  ori¬ 
entation,  the  cooling  of  the  two  legs 
of  the  filament  is  different  for  dif¬ 
ferent  angular  positions  in  the 
plane  through  the  tube.  The  fila¬ 
ment  is  made  of  nickel  so  that  its 
resistance  changes  appreciably  with 
temperature,  thus,  in  a  bridge  cir¬ 
cuit,  these  resistance  changes  upset 
the  balance  when  the  tube  is  dis¬ 
placed  from  its  normal  position. 

Convection  currents  in  the  tube 
are  caused  by  differences  in  mass 
between  heated  and  cooled  portions 
of  the  gas.  As  a  vertical  position 
indicator,  these  differences  of  mass 
react  with  the  force  of  gravity  to 
produce  convection  flow.  However, 
if  the  tube  is  accelerating  (linearly 
or  rotationally ) ,  there  is  an  accele¬ 
ration  force  against  which  the  dif¬ 
ferences  of  mass  react  to  produce 
convection  currents.  Under  this 
condition  the  tube  will  indicate  dis¬ 
placement  from  the  vector  sum  of 
the  gravitational  and  accelerational 
forces.  The  Convectron  can,  conse¬ 
quently,  be  used  as  an  accelerometer 
(but  is  insensitive  during  free 
fall). 

In  operation  the  filament  is 
heated  to  an  average  of  about  400 
C.  If  a  d-c  source  is  used  for  the 
bridge,  the  unbalance  output  re- 


FEATURES 

FOR  SMOOTH  PERFORMANCE 


You’ll  gain  highly  pleased  customers 
when  you  equip  your  phonographs  with 
Smooth  Power  MX  Motors.  That’s  be¬ 
cause  of  finer  performance  given  by: 

1.  AMPLE  POWER  AT  CONSTANT  SPEED  .  .  .  •limi- 
nates  instantaneous  speed  variations. 

2.  SUPERIOR  IDLER  ARRANGEMENT  .  .  .  permiH  idler 
pulley  to  move  smoothly  and  quietly  In  any  horizontal 
direction  with  no  vertical  wobble. 

3.  LOW  RUMBLE  LEVEL . . .  obtained  by  scientific  noise 
elimination,  accurate  balancing  and  adequcrte  cush¬ 
ioning. 

4.  ANTI-FRICTION  BEARING  CONSTRUCTION  .  .  . 
precision-cast  bearing  brackets  maintain  accurate 
centering  of  shaft  in  bearing  and  rotor  in  field. 

5.  NO  EXTERNAL  MOVING  PARTS  .  .  .  internal  fan 
provides  odequate  cooling,  simplifies  shipping  and 
installation. 

Plan  now  to  give  your  customers  that 
smoother,  finer  performance  that’s  a 
“natural”  with  Smooth  Power  Motors. 

Send  for  details  on  the  complete 
Smooth  Power  line  of  phonomotors, 
recorders  and  combination  record-chang¬ 
er  recorders.  They’ll  ihake  friends  for 
your  products. 


Gf-RAt4  Rim  Drive,  ffeovy  Duty 
BUctrk  Recording  Motor 


Gf-RC?30  Combinotion  Record- 
Chattgf  Recorder 


GI-R90  Duof  Speed,  Heme 
Recording  and  Phonogreph 
AimntUy 


DEPT.  ME 


ELYRIA,  OHIO 
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for  EVERY  purpose 


S84  General  Purpose,  12  to 


24  elements,  for  laboratory  or  field 


use,  quick-change  transmission  for 


wide  range  of  record  speeds,  auto¬ 


matic  titling  and  numbering,  auto¬ 


matic  record-length  control,  tuning 


fork  time  marker,  galvanometer 


attenuators,  governor  motor. 


(Bulletin  SP165) 


General  Purpose, 


elements,  otherwise  same  as  type  S8-B.  € 


(Bulletin  SP16S) 


'  General  Purpose,  12 


to  24  ele¬ 


ments,  similar  to  type  S8-B  except  without 


automatic  controls. 


(Bulletin  SP17S) 


S12A  Small  Portable.  Gen¬ 


eral  Purpose,  the  smallest  com¬ 


plete  12-element  oscillograph. 


(Bulletin  SP167) 


S6A  Geophysical,  12  elements. 


S6-B  Geophysical, 


24  elements. 


SI 4*A Student's  Oscillograph, 


6  to  12  elements,  ultra-simple,  low 

in  cost,  (Bulletin  SP183) 

SI  5*A  Portable  Seli-Powered,  6  ele¬ 
ments,  tor  use  where  very  small  size  is 


essential  and  power  is  not  available. 


(Bulletin  SP193) 


SC16-A 


Cathode  Ray,  6 


elements. 


very  high  frequency  response  and  writing 


speed,  record  speed  to  6000  inches  per 


(Bulletin  SP194) 


RS9-A  Automatic  Oscillograph,  12 


elements,  for  switchboard  or  portable  use. 


for  automatic  recording  of  faults  or  staged 


system  testing,  high-speed  starting 


(Bulletin  SP196) 


WHATEVER  YOUR  REQUIREMENTS  MAY 


BE  THERE  IS  A 


HATHAWAY  OSCILLOGRAPH  FOR  YOU 


WRITE  FOR 


ELECTRON  ART  (contirutd) 

verses  polarity  as  the  tube  move# 
through  its  null  position;  if  an  a-c 
source  is  used,  the  output  ireverses 
phase.  The  tube  thus  senses  direc¬ 
tion  as  well  as  decree  of  displace¬ 
ment.  Time  constant  of  the  tube 
is  about  0.1  sec,  and  the  displace¬ 
ment  signal  is  about  50  millivolts 
per  degree  at  null.  Resistance  is 
a  function  of  operating  voltage 


Supply  Emf 

Current 

Resistanc 

in  volts 

in  ma 

in  ohms 

0 

0 

50 

6 

56 

89 

10 

74 

183 

16 

80 

188 

the  tube  being  most  sensitive  with 
a  supply  of  about  10  volts,  at  which 
voltage  it  draws  less  than  a  watt 
With  an  &-c  supply  the  noise  level 
is  between  1  and  5  millivolts,  and 
is  less  for  d-c  supply.  Using  a  d-c 
supply,  displacements  as  small  as 
one  second  of  rotation  can  be  de¬ 
tected.  For  such  extreme  sensi¬ 
tivity  the  null  is  affected  by  ambi¬ 
ent  temperature  and  supply  volt¬ 
age;  random  air  currents  striking 
the  tube  affect  ambient  tempera¬ 
ture. 

Statistical  Methods  Simplify 
Evaluation  of  Data 

Interpretation  of  many  forms  of 
data  can  best  be  done  statistically. 
Although  the  usual  approach  to  a 
series  of  measurements  is  to  deter¬ 
mine  a  simple  mathematical  equa¬ 
tion  that  describes  them  (and  can 
be  considered  an  expression  of  the 
natural  law  governing  the  phenom¬ 
ena  under  study),  it  is  frequently 
more  realistic  to  approach  the  meas¬ 
urements  from  a  statistical  basis, 
recognizing  the  fact  that  there  is  a 
spread  in  the  measurements  for  any 
one  condition.  (Quantum  mechan¬ 
ics  on  which  modern  physics  is 
based  is  predicated  on  this  statisti¬ 
cal  approach.)  How  such  a  statis¬ 
tical  analysis  can  be  made  is 
illustrated  by  the  recently  developed 
method  of  predicting  sunspot  activ¬ 
ity  in  connection  with  forecasting 
radio  propagation  by  the  National 
Bureau  of  Standards,  and  by  the 
technique  of  determining  the  speci¬ 
fications  for  and  the  evaluation  of 
the  terrain  clearance  indicator  for 
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"WE  DO  FIND  THAT  WE  HAVE 
REDUCED  OUR  ASSEMBLY  COST 
APPROXIMATELY  36%  ON  THIS 
UNIT  SINCE  BEGINNING  TO  USE 
THE  TINNERMAN  SPEED  NUT" 


nti  rut^) 
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Thb  b  o  direct  quotation  from  a  lottor  from  A.  S.  Wnbock,  Works 
Monogor  of  tb*  Victor  Animotogroph  Corporation,  Dovonport, 
Iowa,  moknrs  of  16  AAM  sound  motion  pktur*  nquipmont. 
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SPEED  NUTS  always  effect  substantial  savings  in  assembly 
cost,  but  here  is  a  case  of  unusually  high  savings. 

Victor  Animatograph  Corporation  accepted  our  sugges¬ 
tions  on  the  assembly  of  their  amplifier  unit.  They  discarded 
their  time-consuming  practice  of  assembling  a  myriad  of 
small  parts  in  a  crowded  case.  Now  the  amplifier  is  assem¬ 
bled  in  three  easy-to-get-at  sections  that  are  quickly 
fastened  together  with  SPEED  NUTS  to  complete  the  unit. 

Assembler  training  time  is  cut  from  two  months  to  a  few 
hours.  Assembly  time  is  slashed,  employee  morale  improv¬ 
ed,  and  with  three  assembly  lines  instead  of  one,  the  risk  of 
complete  production  stoppage  due  to  shortage  of  - one  or 
two  parts  is  avoided. 

Let  us  demonstrate  what  SPEED  NUTS  can  accomplish  in 
improving  the  assembly  of  your  product. 


Now  threa  (actions  ora  aosily  os- 
samblad  saporolaly,  and  quickly 
fostanad  logalhar  with  SPEED  NUTS 
into  complatad  unit.  • 


In  Canada:  Wallace  Barnet  Co.,  lid.,  Hamilton,  Ontario 
In  England:  Simmondt  Aerocetsories,  Ltd.,  London 
In  Franca:  Aerocettoiret  Simmondt,  S.  A.,  Porit 
In  Autiralia:  Simmondt  Aerocettoriet,  Pty.  ltd.,  Melbourne 


TRONICS  ■  electronics  —  November,  1947 


>  MR  , 
EXPRFSS 


ELECTRON  ART  (cofltinu.d) 

anticollosion  aircraft  flying  devel¬ 
oped  by  Hughes  Aircraft  Co. 

*  Predicting  Sun8pot_ALLivity 

Solar  activity,  which  greatly  af- 
fects  radio  communication,  is  evi- 
denced  by  sunspots.  The  number 
and  activity  of  the  sunspots  varies 
greatly  over  an  11-year  period,  indi- 
eating  local  variations  in  sun’s 
temperature,  and  hence  the  relative 
intensity  of  radiation  from  the  sun 
that  in  turn  determines  the  condi¬ 
tion  of  the  earth’s  ionsphere.  Basic 
information  on  sunspot  numbers  is 
obtained’ from  the  Zurich  Obsera- 
tory  in  Switzerland,  which  has  made 
continuous  records  of  solar  activity 
since  1849,  and  from  other  obsen- 
ers.  Sunspot  number  is  obtained  by 
counting  the  number  of  sunspot 
multiplying  by  ten,  and 


groups, 

adding  to  the  result  the  number  of 
individual  sunspots  in  each  group. 
This  statistical  convention  is  the 
worldwide  standard  method  of  re¬ 
cording  such  data. 

Whereas  previous  methods  of  pre¬ 
diction  depended  on  harmonic  analy¬ 
sis,  assumption  that  cycles  repeat 
after  a  number  of  years,  and  vari¬ 
ous  empirical  relationships  between 
heights  of  maxima  and  rates  of  rise, 
the  statistical  method  advanced  by 
A.  G.  McNish  and  Virginia  Lincoln 
of  the  National  Bureau  of  Stand¬ 
ards  assumes  that,  in  a  time  series 
exhibiting  cyclical  tendencies,  a  first 
approximation  to  a  future  value  is 
the  mean  of  all  past  values  at  the 
same  stage  of  the  cycle,  and  that 
this  first  approximation  can  be  im¬ 
proved  by  adding  to  the  mean  a  cor¬ 
rection  proportional  to  the  depar¬ 
ture  of  earlier  values  of  the  same 
cycle  from  their  respective  means. 
The  second  assumption  is  justified 
by  the  observed  tendency  in  sunspot 
numbers  from  annual  deviations 
from  the  mean  to  have  the  same 
sign  and  similar  magnitudes  in  con- 


Don’t  lat  low  stocks  or  distant  supply  points  scare  you!  With 
Air  Express  cutting  delivery  time  down  to  a  matter  of  hours,  you 
can  get  what's  needed  from  anywhere  in  a  rush.  Just  remember 
to  specify  Air  Express.  Your  shipment  flies  to  you  at  speeds  up 
to  5  miles  a  minute.  Air  Express  goes  on  all  flights  of  all  Sched¬ 
uled  Airlines  —  that  means  the  fastest  possible  service. 

Use  Air  Express  regularly.  You'll  find  there’s  real  profit  for 
you  in  such  speedy  service.  And  rates  are  low.  Frequent  flights 
to  and  from  points  overseas  can  simplify  your  foreign  shipping 
problems,  too.  Investigate. 


•  Low  rates — special  pick-up  and  delivery  in  principal  U.S.  towns  and 
cities  at  no  extra  cost.  •  Moves  on  all  flights  of  all  Scheduled  Airlines. 

•  Air-rail  between  22,000  off-airline  offices. 

•  Direct  air  service  to  and  from  scores  of  foreign  countries. 

Just  phone  your  local  Air  Express  Division,  Railway  Express  Agency, 
for  fast  shipping  action  .  .  .  Write  today  for  Schedule  of  Domestic  and 
International  Rates.  Address  Air  Express,  230  Park  Ave.,  New  York  17. 
Or  ask  for  it  at  any  Airline  or  Railway  Express  Office.  Air  Express 
Division,  Railway  Express  Agency,  representing  the  Scheduled  Airlines 
of  the  United  States. 


ANNUAL  SUNSPOT  NUMBERS 


Fastest  delivery  —  at  low  rates 

Machine  parts  (7S  lbs.)  in  Chicago  were 
needed  by  a  bottling  works  in  Dallas  faU. 
Picked  up  10  AM  the  6th,  delivered  same  day 
at  5:05  PM.  795  miles.  Air  Express  charge 
only  $18.42.  Other  weights,  any  distance, 
similarly  inexpensive  and  faU. 


DEVIATION  FROM  MEAN  CYCLE 


FIG.  1 — Sunapots  from  1834  to  1944 
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electronics 


j.  .  .  on  the  desks  of  the  engineers  and  executives  throughout 
industry  —  those  all-important  men  whose  decisions  and  plans 
ore  the  final  factors  in  the  purchase  of  electronic  components, 
"packaged"  equipment,  or  allied  products. 


^  These  men  have  learned  to  rely  on,  and  use  the  Buyers'  Guide 
for  information  on  product  sources  and  technical  data  on  those 
products.  A  handy  desk  package  for  the  time-pressed  designers 
i,  -  the  only  directory  of  its  kind  —  containing  accurate  information 
f  :  on  all  products  concerned  with  their  work.  When  they  look  up  a 
I  needed  component  or  product  and  find  one  with  correct  char¬ 
acteristics  —  a  sale  has  been  made. 


•  THE  MEN  YOU  MUST  REACH 


As  a  matter  of  fact,  that  is  your  Point  of  Sale.  Once  a  product 
has  been  designed  into  the  pilot  model  the  time  for  selling.  9 
times  out  of  10.  is  passed.  It  is  either  too  late  or  too  difficult  to 
change  or  fit  in  a  substitute.  Don't  overlook  this  year  round 
salesman  — be  sure  to  include  it  in  your  1948  advertising  budget. 


//  you  are  going  (o  sell  your  product,  the  best 
time  to  reach  them  is  when  their  product  is  on  the 
drafting  table  and  components  or  complete  equip¬ 
ment  is  being  designed  in.  That's  the  point  ol  sale 
-and  it's  the  time  they're  using  the  Buyers'  Guide. 


electronics 

BUYERS’  GUIDE 

^uictc  cmccC  ^  ct^en^  iHclt{4tn€f 


PUBLISHED  YEARLY 
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REEVES  SOUNDCRAFT  CORPORATION 

10  EAST  52  STREET  •  NEW  YORK  22,  N.  Y. 


MUSICAL  Masterpiece?. . . 

We  really  donH  know. .  but  we  do  know 
what  makes  a  RECORDING  Masterpiece. 

To  manufacture  a  few  good  discs  is  easy.  To 
manufacture  a  million  good  discs  takes  skill. 
Soundcraft  recording  lacquer  embodies  extra 
quality  to  do  just  that  job.  Soundcraft  protects 
this  extra  quality  with  safeguards  and  controls 
so  that  you  get  standardized  discs. 


Over  a  million  Soundcraft  discs  have  now  been 
delivered  to  broadcasting  chains,  individual 
stations,  motion  picture  studios,  sound  studios, 
phonograph  record  companies,  educational 
institutions  and  home  recordists.  This  cross 
section  of  the  industry,  moreover,  demands 
Soundcraft  discs  day  after  day.  ^nd  the  most  criti¬ 
cal  users  are  the  most  insistent  upon  Soundcraft. 


ELECTRON  ART  (continut.! 

secutive  years.  Figure  1  shows,  at 
the  top,  the  sunspot  numbers  re¬ 
corded  in  the  past,  and,  at  the  bot¬ 
tom,’  the  deviation  fruiu  the  cyclic 
mean.  The  prediction  formula  for 
the  future  is  of  the  form 
R,'  r=  A  -f  A  /?„ 


.  + 


where  R„'  is  the  predicted  value  in  a 
particular  cycle,  R„  is  the  mean  of 
all  corresponding  values  in  preced¬ 
ing  cycles,  A  is  the  deviation  of 
the  particular  R,.i  for  this  cycle 
from  the  mean  of  all  R^.x  values 
from  previous  cycles,  and  the  k 
values  are  proportionality  con¬ 
stants. 


Probability  of  Aircraft  CoUiHum 
Airplane  collisions  with  moun¬ 
tains  have  always  constituted  one 
of  the  spectacular  hazards  of  air¬ 
line  operation.  Statistical  studies 
of  terrain  contours  in  the  vicinity 
of  principal  airways  over  mountain¬ 
ous  territory,  and  of  CAA  and  CBA 
terrain  collision  reports  from  1938 
to  1946,  have  revealed  two  signifi¬ 
cant  facts.  Most  accidents  took 
place  within  500  feet  of  the  summit 
of  the  obstacle.  Secondly,  the  pro¬ 
files  are  such  that  if  planes  ap¬ 
proaching  peaks  are  given  warning 
of  terrain  clearance  of  2,000  feet 
(by  a  radio  altimeter  for  example), 
the  pilot  could  rise  clear  of  the 
mountain  by  a  routine  evasive  action 
of  continuing  in  a  straight  course 
but  climbing  900  feet  in  the  first 
mile  after  clearance  warning  and 
continuing  to  climb  at  500  feet  a 
mile  until  the  plane  had  climbed 
2,000  feet  or  enough  higher  so  that 
the  warning  signal  disappears.  This 
maneuver  is  readily  executed  at  sus¬ 
tained  power  by  most  transports. 
Figure  2  shows  a  typical  profile  and 
how  the  evasive  maneuver  would 
avoid  a  collision.  From  these  pro¬ 
files  it  was  found  that  pilots  would 
be  warned  of  flying  too  low  on  a 
weighted  average  of  7.5  miles  from 
the  peak,  and  in  extreme  cases  only 
within  3  miles  or  as  far  away  as  30 
miles.  The  collision  records  (and 
normal  expectations)  indicate  that 
pilots  are  more  often  flying  close  to 
the  peak  altitude  than  well  below  it. 
However,  planes  might  attack  at 
any  altitude.  Therefore,  a  weight¬ 
ing  (that  is  conservative,  judged  by 
actual  records)  was  assigned  each 
500-foot  altitude  interval ;  assuming 
that,  of  all  the  planes  that  might 
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mize  the  effects  of  attenuation  and  impedance  mis* 
match— providing  maximum  freedom  from  distortion. 

No  wonder  manufacturers  are  enthusiastic  about 
ATV!  Television  buyers  expect  a  lot  and  ATV  helps 
to  deliver. 


*Tt  is  interesting  to  note,”  writes  Dan  Halpin,  RCA 
Victor  Television  Sales  Manager,  that  this  new  kind 
of  transmission  line  (ATV*),  now  widely  used  in  tele¬ 
vision  transmission  between  the  antenna  on  a  cus¬ 
tomer’s  roof  and  a  receiver  installed  in  the  home,  is 
identical  with  the  line  developed  for  wartime  radar 
use,  and  which  had  to  stand  severe  temperature 
changes  and  unusual  climatic  conditions. 

"It  is  many  times  more  efficient  than  any  prewar 
line  and  is  playing  a  large  part  in  the  success  we  are 
enjoying  with  RCA  Victor  television.  By  the  end  of 
this  year  television  should  serve  approximately 
of  our  nation’s  wired  homes.” 

The  well  balanced  design  of  conductors  and  dielec¬ 
tric  in  Anaconda  Type  ATV  lead-in  lines  fulfills  the 
exacting  requirements  of  wide-band  reception.  For 
FM  and  television  reception,  these  lead-in  lines  mini- 


Anaconda  offers  to  the  industry  a  wide  selection  of  l>pe 
ATV  lead-in  lines  for  75.  125.  150  and  300  ohms  imped¬ 
ance  unshielded  and  150  ohms  shielded —each  designed  for 
a  particular  application.  Anaconda  also  manufactures  a 
complete  line  of  coaxial  cables.  For  characteristics  of  these 
products,  write  to  Anaconda  Wire  and  Cable  Company.  25 
Broadway,  New  York  4,  New  York. 


•An  Anaconda  Trad««Mar1i 
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DESIGNERS  AND  MANUFACTURERS 
OF  ELECTRONIC  PROD'UCTS 

45  WARBURTON  AVE. 
YONKERS  2,  N.  Y. 


Our  toroid  fUtors  have  become  a  by- word  in  every 
phase  of  electronics  where  only  the  best  results  are 
occeptable.  Toroidal  colls  wound  on  MCiiYBDENUM 
PERMALLOY  DUST  CORES  are  the  primary  basis 
for  our  success  in  producing  filters  unexcelled  In  per¬ 
formance. 


FIG.  2 — Typiccd  torrain  profll* 


crash  into  a  mountain  side,  five 
would  be  in  the  500-foot  level  just 
below  the  peak,  four  in  the  next 
lower  level,  and  so  on  with  one  plane 
each  in  all  the  very  low  levels.  On 
this  basis  a  1,000-foot  terrain  clear¬ 
ance  warning  would  avert  82  per¬ 
cent  of  all  hypothetical  crashes,  and 
a  2,000-foot  warning  would  avert  96 
percent  of  them.  In  the  east,  where 
mountainous  terrain  is  less  rugged, 
a  500-foot  warning  would  be  suflSc- 
ient  to  avert  most  accidents.  On 
this  basis  a  simple  terrain  clearance 
radar  with  a  2,000-foot  and  a  600- 
foot  range  that  has  been  recently 
publicised  was  adopted  for  com¬ 
mercial  use. 

In  the  case  of  sunspot  prediction, 
the  analysis  assures  that,  although 
the  forecast  will  not  be  exactly  cor¬ 
rect,  it  will  indicate  the  most  likely 
condition, 


Radio  control — miniaturizing 
_ Aircraft.  Nuclear  research. 


Multi  channel  filters  for  car 
rier  modulation. 


Tone  keying  filters  —  wave 
shaping  filters  —  discrimina¬ 
tors  —  delay  networks. 


In  providing  anticollis¬ 
ion  radar,  it  would  be  difficult  to 
determine  the  required  range  and 
predict  the  probable  reliability  of 
any  specified  radar  without  resort¬ 
ing  to  statistical  analysis.  Many 
problems  involving 


Line  filters — slope  equalizers 
loading  circuits. 


engineering 
gross  phenomena  (sunspots  and  the 
like)  or  many  variables  and  proba¬ 
bilities  (terrain  clearance)  can  be 
best  solved  by  such  statistical  ap¬ 
proaches  as  these. 


We  would  be  pleased  to  submit 
quotations  for  special  filters. 

Write  for  our  catalogue. 


TOROIDAL  COILS 


Myographs 

By  W.  E.  Gilson 
Department  of  Medical  Electronics 

J.  A.  E.  Eyster 

Department  of  Physiotom 


Althow«ti  lh«  demond  fer  our 
toroidal  coils  Hos  boon  incroasing 
rapidly,  wo  oro  maintaining  our 
usual  good  delivery  schedules. 
Most  ovoiloWe  types  are; 

RANQI 

TC-t  SOOcy. — 20KC 

TC-2  lOOcy. — 5KC 

TC-3  lOKC— -tOOKC 

Coils  are  available  in  inductances 
from  1  MHY  to  12  MYS. 


The  University  of  Wisconsin  Medical  School 
Madison,  Wis. 


In  studying  the  sequence  of  heart 
action  of  the  dog  and  the  turtle, 
particular  interest  was  centered  on 
the  fractionate  contraction  occur- 
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Hyour  telephone  THansJmitteR  and  receiver, 

voice  gateways  to  the  telephone  plant,  are  so  essen¬ 
tial  to  satisfack)ry  service  that  they  have  been 
under  study  in  Bell  laboratories  for  seven  decades. 


A  TELEPHONE  RECEIVER  IS  3  COmplcX  SVStcm  of  clcctlical 
and  mechanical  elements.  Its  coils,  magnets,  diaphragm  and 
cap  react  on  each  other  as  they  convert  the  electrical  waves 
of  your  voice  to  sound  waves.  What  is  the  best  size  for  the 
holes  in  the  car  cap?  Will  i/ioooth  inch  greater  thickness 
help  a  receiver  diaphragm  to  carry  your  telephone  voice 
more  clearly?  One  way  to  find  out  is  to  build  numerous 
experimental  receivers  and  test  them. 

But  Bell  Laboratories  have  found  a  shorter  way.  They 
built  an  all-elcctrical  replica,  an  “equivalent  circuit”  in 
which  electrical  resistance  stands  for  air  friction  in  the  cap 


holes;  capacitance  corresponds  inversely  to  the  stiffness  of 
the  diaphragm.  Over-all  pierformancc  of  this  circuit  can  be 
quickly  measured  and  design  changes  economically  explored. 
Later,  a  model  can  lx:  built  for  final  check. 

The  “equivalent  circuit”  was  pioneered  by  Bell  Tele¬ 
phone  Laboratories  2  5  years  ago.  It  is  a  useful  tool  in  many 
l.aboratories  developments— saving  time,  saving  the  cost  of 
machine-tooled  models,  encouraging  cxpxrrimcntation.  It 
is  one  more  example  of  the  way  Bell  scientists  get  down 
to  fundamentals  as  telephone  progress  continues— and  ser¬ 
vice  keeps  on  improving  for  all  subseribers. 


BELL  TELEPHONE  LABORATORIES 


exploring  and  inventing,  devising  and  perfecting,  for  continued  improveaaents  and  economies  in  telephone  service 


L 


(eontini»«J) 


ELECTRON  ART 


FIG.  1 — Variable-inductance  myograph  hoi 
supporting  columns  made  of  5-cm  lengthi 
of  soda  straw.  Points  are  usually  so  spaced 
on  specimens  that  coils  are  2  to  3  mm  apart 


ring  at  the  onset  of  a  complete  con¬ 
traction  cycle.  To  observe  this  ef¬ 
fect,  it  was  necessary  to  construct 
a  myograph,  an  instrument  to 
measure  displacement  or  velocity  of 
muscular  contraction. 

It  was  assumed  that  the  onset  of  | 
contraction  was  signalled  by  the 
coming  together  of  two  closely 
spaced  points  on  the  surface  of  the 
heart.  Consequently,  the  basic  myo¬ 
graph  element  was  a  light  frame, 
rather  like  a  drafting  divider, 
whose  points  rested  on  the  surface 
of  the  heart  and  were  drawn  to¬ 
gether  as  fractionate  contraction 
occurred. 

Overcoming  Inadequacies 

To  record  precisely  the  onset  of 
contraction  with  the  least  possible 
time  lag,  the  myograph  had  to  have 
small  inertia.  In  addition,  the  in¬ 
strument  had  to  rest  lightly  on  the 
heart  and  be  capable  of  being  actu¬ 
ated  by  a  very  small  force.  Several 
myographs  were  constructed  which 
proved  less  satisfactory  than  the 
variable-inductance  unit  finally  de¬ 
veloped. 

The  first  unit  constructed  was 
based  on  a  capacitance  principle. 
Two  insulated  plates,  forming  a 
variable  capacitance,  were  mounted 
on  the  arms  of  the  myograph  so  that 
the  capacitance  increased  when  the 
points  came  together.  This  capaci¬ 
tor  was  connected  across  the  tank 
circuit  of  a  variable-frequency  os¬ 
cillator,  working  at  approximately 
456  kc.  The  output  of  the  oscilla¬ 
tor  was  detected  after  passing 


per  minute  or  mwi-e, 

when  a  cast  is  executed.  These  gears  imist  also 
withstand  the  strain  of  hauling  in  a  fighting  fish  of 
unpredictable  size  and  strength,  thus  rendering  a  dual 
purpose:  speed  and  velvety  smoothness  in  one 
direction— strength  and  durability  in  the  other. 

Instruments  and  machines  have  individual  gear 
problems.  For  over  a  quarter  of  a  century,  Quaker 
City  Gear  Works  has  solved  thousands  of  them 
and  produced  millions  of  gears  of 
every  description  up  to  60"  in  diameter 
for  manufacturers  in  many  diversified  industries. 

Aircraft  controls,  dental  drills,  electric  clocks, 
gauges,  indicators,  heat  controls,  machine  tools, 
radar,  radios,  washing  machines  and  motion  picture 
projectors  are  hut  a  few  of  the  many  conveniences 
of  modern  progress  which  depend  upon  the 
heartbeat  of  Quaker  City  Gears.  Your  gear  problem 
is  our  business,  our  large  productive 
capacity  is  at  your  service. 

YOUR  INQUIRIES  WILL  RECEIVE  PROMPT  ATTENTION 


CusloniaLic 


Outcloorsman 
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1910  N.  Front  Street 
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Thia  two-ton  copper-oxide  fctHiar  is  one  of  the  largest  ever 
made.  Designed  and  engineered  by  General  Electric,  the 
ten-foot-tall  unit  is  rated  at  80  kw.  It  will  be  used  in  an 
electrochemical  process,  to  supply  constant  unvarying  flow  of 
elearicity  over  a  wide  range  of  load. 


. . .  Specify  General  Electric  and  Get 
the  Right  Rectifier  for  Your  Designs 

Mite  or  Mammoth?  Your  needs  probably  fit  somewhere  in 
between.  But  the  important  point  is  that  we  have  a  lot  of 
experience  with  a/l  kinds  and  all  types  of  rectifiers. 

This  means  that  when  you  come  to  us  with  a  problem 
involving  rectification,  we  probably  have  already  tackled  a 
fimilar  problem  for  some  other  manufacturer  —  and  have 
come  up  with  a  successful  solution. 

Even  if  your  application  is  entirely  new,  our  engineers 
have  a  background  of  experience  that  is  invaluable  in  select¬ 
ing  the  type  and  the  design  of  rectifier  that  will  give  you  the 


utmost  in  operating  economy  and  output  efficiency. 

Because  we  make  all  three  of  the  most  commonly  used 
types  of  rectifiers,  you  can  be  sure  of  unbiased  recommenda¬ 
tions  for  the  one  that  is  best  suited  to  your  application. 

Call  on  us  for  counsel  when  your  next  project  is  in  the 
planning  stage.  There  is  no  obligation.  Just  ask  a  General 
Electric  representative  to  call,  or  write  to  Section  A72-1131, 
Appliance  and  Merchandise  Department,  General  Electric 
Company,  Bridgeport  2,  Connecticut. 


To  meet  requirement*  for  weight*  and  space-saving  rectifica¬ 
tion  in  small  radios.  General  Electric  engineers  have  developed 
this  tiny  selenium  rectifier.  Less  than  one  inch  square,  its  use 
has  resulted  in  important  manufaauring  economies,  without 
loss  of  efficiency. 
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ELECTRON  ART  (continu,d; 

through  a  456  kc  i-f  transformer. 
The  frequency  of  the  oscillator  was 
set  so  that  it  came  in  the  middle  of 
tlie  sloping  side  of  the  response 
characteristic  of  the  transformer. 
Thus  the  d-c  output  of  the  detector^ 
was  a  direct  function  of  the  capaci.l 
tance  of  the  myograph.  An  alter- 1 
native  method  used  the  same  myo-P 
graph  in  a  bridge  circuit.  I 

Curves  were  obtained  with  this! 
myograph  measuring  fractionate! 
contraction  of  the  turtle  venticle.  j 
These  curves,  however,  indicated! 
that  the  entire  heart  contracted  si-i 
multaneously,  which  did  not  agree  i 
with  other  data  obtained  from  theL 
same  animal.  The  myograph  was  f 
then  tested  by  tying  its  points  to-  [ 
gether  and  placing  it  on  the  heart. 
The  same  type  of  curve  was  ob¬ 
tained  as  before,  showing  that  the 
effect  of  the  varying  capacitance  to 
the  body  with  movement  of  the 
heart  practically  obliterated  the 
curve  cf  local  contraction. 

A  second  instrument  was  then 
built,  in  which  the  plates  were  com¬ 
pletely  shielded  from  external 
changes  of  capacitance,  and  a 
shielded  lead  was  used  to  connect 
to  the  plates.  This  model  worked 
considerably  better,  but  was  still 
not  satisfactory,  because  when  the 
points  were  tied  together  and  the 
myograph  placed  on  the  turtle 
heart,  a  small  curve  was  still  ob¬ 
tained.  This  curve  was  found  to  be 
caused  by  a  change  in  the  capaci¬ 
tance  of  the  shielded  lead  even  with 
slight  bending. 


j  mow*"* 
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Custom -EngitteereJ  Transformers? 


MORE  THAN  30,000  DIFFERENT  DESIGNS  of 
transformers  have  been  engineered  and  built  by  the 
Transformer  Department  of  Raytheon.  The  units 
illustrated  are  a  small  selection  from  the  range  of 
types  and  capacities  produced. 

All  transformers  for  the  famous  SG  and  SO  Radar 
equipment  .  .  .  employed  under  a  variety  of  service 
conditions  in  all  parts  of  the  world  .  .  .  were  designed 
and  built  by  Raytheon.  Many  thousands  of  other 
transformers  have  also  been  designed  and  built  to 
government  specifications  for  military  service. 

Raytheon  employs  a  large  engineering  staff, 
maintains  a  model  shop  for  producing  sample  units, 
and  is  building  custom-engineered  magnetic  com¬ 
ponents  to  meet  the  specific  service  requirements  of 
large  and  small  manufacturers  of  electrical  and  elec¬ 
tronic  apparatus. 

Your  inquiry  it  invittd.  Dttailtd  informm- 
tion  on  your  requirementt  will  rectiv*  tht 
prompt  attention  of  our  transformer  engi¬ 
neers.  Address  Dept.  47SO-A 


Satisfactory  Types 


The  third  type  of  myograph'  was 
considerably  more  satisfactory.  It 
consisted  of  two  pieces  of  filter 
paper  wet  with  salt  solution, 
mounted  in  a  V  on  the  arms  of  the 
myograph,  so  arranged  that  when 
the  points  were  brought  together, 
the  V  would  shorten,  decreasing 
its  resistance.  This  variable  resist¬ 
ance  was  placed  in  a  bridge  circuit 
energized  by  a  50,000-cycle  oscilla-, 
tor  to  eliminate  polarization.  The 
output  of  the  bridge  was  rectified 
and  connected  to  the  recording 
mechanism. 

Many  excellent  records  were  ob¬ 
tained  with  this  device,  but  it  was 
still  not  altogether  satisfactory  as 
there  was  drift  of  the  reference 


'  KAYTHBON  MANUFACTURING  COMPANY 
COMMERCIAL  PRODUCTS  DIVISION 
WALTHAM  54,  MASSACHUSUTTS 

Industrial  and  Commercial  Electronic  Equipment,  i 
Broadcast  Equipment,  Tubes  and  Accessories  m 
Sales  Offices:  Atlanta.  Boston,  Chicago,  m 

•  Cleveland  New  York  U 
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JENKINTOWN,  PENNA.,  box  CE3  •  branches^  boston  •  CHICAGO  •  DETROIT  •  INDIANAPOLIS  •  ST.  LOUIS  •  SAN  FRANCISCO 
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Self-Lockers — because  their  knurled  cup  points 
dig  in  and  stay  tight— even  when  subjected  to 
the  most  chattering  vibration.  Yet,  they  can 
be  backed  out  with  a  wrench  and  used  again 
and  again.  That's  why  so  many  millions  of 
these  tough,  dependable  "Unbrako"  Socket 
Set  Screws  with  the  Knurled  Cup  Points  are 
used  in  industry.  For  complete  information 
about  these  and  other  "Unbrako"  Socket 
Screw  Products  .  .  .  write  for  the  "Unbrako" 
Catalog. 


These  "Unbrako"  Screw  Products  are  available 
in  sizes  ranging  from  No.  4  to  M/2"  in  diameter 
and  in  a  full  range  of  lengths. 

"Unbrako"  and  "Hallowell"  Products  are  sold 
entirely  through  Industrial  Distributors. 


Knurling  of  Sotkot 
Scrowt  originator  with 
'■‘Unbroko*’  In  1934. 
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"Unbrako”  Sockat  Head  Cap 
Screws  with  the  knurled  head 
save  assembly  time  because 
the  knurling  provides  a  slip- 
and  tumble-proof  grip— 
though  the  fingers  and  head 
be  ever  so  oily,  therefore,  they 
can  be  screwed  in  faster  and 
farther  before  it  becomes  nec¬ 
essary  to  use  a  wrench.  They 
can  also  be  locked  in  place 
if  heads  are  countersunk. 


The  "Unbrako"  Socket 
Set  Screw  with  Knurled 
Threads  is  a  most 
excellent  Self  -  Locker, 
too,  because  the  knurl¬ 
ing  as  shown,  swages 
the  threads  whan  lock¬ 
ing  results.  To  be  used 
with  points  such  as; 
flat,  dog,  cone  and 
oval  which  do  not  land 
themselves  to  knurling. 


KITS  PATS.  PEND. 


You  can't  tighten  or  loosen  socket 
screws  without  a  hex  socket 
wrench,  so  why  not  get  our  No. 
25  or  No.  50  "Hallowell”  Hollow 
Handle  Key  Kit  which  contains 
most  all  hex  bits. 


PAT’D  AND 
PATS.  PEND. 


OVER  44  YEARS  IN  BUSINESS 
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INDUCTANCE  MVOCRAPH 


RIGHT  VEIN 


MODEL  300 
ELECTRONIC 
VOLTMETER 


LEFT  VEIN 


FIG.  2  —  Two  Tariable-inductanc*  myo¬ 
graphs.  of  the  type  shown  in  the  schematic 
diagram,  were  used  to  make  this  record 
of  fractionate  contraction  of  the  veins  goinq 
to  a  turtle  heart 


line  with  evaporation  of  the  salt 
solution.  In  addition  there  was  a 
theoretical  possibility  of  a  variable 
lag  due  to  surface  tension  of  the 
solution. 

Another  myograph  was  then  con¬ 
structed  which  utilized  the  photo¬ 
electric  principle.  A  very  small 
photocell  and  a  bronchoscope  light 
were  mounted  on  one  arm  of  the 
myograph  so  that  the  light  pro¬ 
jected  directly  onto  the  photocell. 
A  shutter  extended  from  the  other 
arm.  cutting  off  the  light  as  the 
points  were  brought  together  by 
contraction.  This  was  satisfactory, 
except  that  it  was  too  heavy  for 
practical  use  in 
stances*. 

The  instrument  in  use  at  present 
is  of  the  inductance  type.  One 
coil  is  mounted  on  each  of  the  arms 
which  are  so  arranged  that  they 
are  almost  in  contact  when  the 
points  are  separated  by  about  3  mm. 
The  coils  of  No.  41  wire  are  wound 
on  extremely  light  plastic  forms 
about  1  mm  thick  and  11  mm  in  di¬ 
ameter.  One  is  energized  by  50,000- 
cycle  current  from  an  R-C  oscilla¬ 
tor.  The  other  coil  acts  as  the  sec¬ 
ondary  of  a  transformer,  and  pro¬ 
duces  a  voltage  of  varying  magni¬ 
tude,  depending  on  the  separation 
of  the  coils.  The  output  of  the  sec¬ 
ondary  coil  is  rectified  and  fed  to 
the  recording  apparatus  as  varying 
d-c.  The  myograph  is  shown  in 
Fig.  1.  This  instrument  is  suffi¬ 
ciently  sensitive  so  that  it  can  be 
used  for  recording  the  fractionate 
contraction  of  the  veins  going  to 
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10  MICROVOLTS  to  10,000  VOLTS 


OiSE  BILLION  TO  ONE — This  enormous  range  of 
AC  voltages  —  is  easily  covered  by  the  Model  300 
Voltmeter,  Motlel  220  Decade  Amplifier  and  Model 
402  Multipliers  illustrated  above.  The  accuracy  is 
2%  at  any  point  on  the  meter  scale,  over  a  frequency 
range  of  10  cycles  to  150  kilocycles.  The  Model  3(M) 
Voltmeter  (AC  operated)  reads  from  .001  volt  to 
100  volts,  the  Model  220  Amplifier  (battery  operated) 
supplies  accurately  standardized  gains  of  lOx  and 
lOOx  and  the  Model  402  Multipliers  extend  the  range 
of  the  voltmeter  to  1,000  and  10,(MM)  volts  full  scale. 


Itescriptive  Bulletin  Ao.  10  Available 
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Hhese  VIAA  distributors 


AUTHORIZED  WAA  ELECTRONICS  DISTRIBUTORS 

lASTCRN 


Yes  .  .  .  these  WAA  Approved  Distributors 
have  large  inventories  of  valuable,  hard-to-get, 
electronic  materials  and  equipment.  These  vast 
stocks  of  tubes,  devices  and  apparatus  were  de¬ 
clared  surplus  by  the  Armed  Forces.  Investi¬ 
gate  ...  fill  your  present  and  future  need  while 
inventories  still  permit  large  purchases  and 
wide  selection. 

Purchasing  of  this  equipment  has  been  sim¬ 
plified  to  a  high  degree.  These  WAA  Approved 
Distributors  were  selected  on  a  basis  of  their 
ability  to  serve  you  intelligently  and  efficiently. 
Write,  phone  or  visit  your  nearest  Approved 
Distributor  for  information  concerning  inven¬ 
tories,  prices  and  delivery  arrangements.  You’U 
find  you  can  “Save  with  Surplus”. 

SOUTHERN 


Automatic  Radio  Mfg.  Co.,  Inc. 

122  Brookline  Avo. 

Boston,  Mats. 

Carr  Industriot,  Inc. 

1269  Atlantic  Avo. 

Brooklyn,  Now  York,  N.  Y. 

Tebo  Doutschmonn  Corp. 

863  Washington  Street 
Canton,  Mats. 

Electronic  Corp.  of  America 
353  West  48th  Street 
New  York,  N.  Y. 

Emerson  Radio  &  Phonograph  Corp. 
76  Ninth  Ave. 

New  York,  N.  Y. 

General  Electric  Co. 

Bldg.  267;  1  River  Rood 
Schenectady,  N.  Y. 

General  Electronics,  Inc. 

101  Hazel  Street 
Paterson,  N.  J. 

Hammarlund  Mtg.  Co.,  Inc. 

460  West  34th  Street 
New  York,  N.  Y. 

Hytron  Radio  &  Electronics  Corp. 
76  Lafayette  St. 

Salem,  Mass. 


Johonns  &  Keegan  Co.,  Inc. 

62  Pearl  St. 

New  York,  N.  Y. 

Newark  Electric  Co.,  Inc. 

242  West  55th  St. 

New  York,  N.  Y. 

Radio  Parts  Distributing  Co. 
128  West  OIney  Road 
Norfolk,  Vo. 

Smith-Meeker  Engineering  Co. 
125  Borclay  Street 
New  York,  N.  Y. 

Standard  Arcturus  Corp. 

99  Sussex  Ave. 

Newark,  New  Jersey 

Sylvonio  Electric  Products,  Inc. 
Emporium, 

Pennsylvania 

Technical  Apporotus  Co. 

165  Washington  St. 

Boston,  Moss. 

Tung-Sol  Lamp  Works,  Inc. 

95  Eighth  Ave. 

Newark,  New  Jersey 

W.  &  H.  Aviation  Corp. 
Municipal  Airport 
Rochester,  N.  Y. 


Navigation  Instrument  Co.,  Inc. 
P.  O.  Box  7001,  Heights  Station 
Houston,  Texas 


Cole  Instrument  Co. 
1320  S.  Grand  Avenue 
Los  Angeles,  Calif. 


Southern  Electronic  Co. 
61 1  Boronne  Street 
New  Orleans,  La. 

PACIFIC 

Hoffman  Radio  Corp. 
3761  S.  Hill  Street 
Los  Angeles,  Calif. 


MIDWESTERN 


American  Condenser  Co. 
4410  N.  Ravens  wood  Ave. 
Chicago,  III. 

Belmont  Radio  Corp. 

3633  S.  Racine  Ave. 
Chicago,  III. 


Electro* Voice,  Inc. 
Carroll  &  Cecil  Streets 
Buchanan,  Michigan 

Essex  Wire  Corp. 

1601  Wall  Street 
Fort  Wayne,  Indiana 


E.  F.  Johnson  Co. 

206  Second  Ave.,  S.  W. 
Waseca,  Minnesota 


-A., 


OFFICE  OF  AIRCRAFT  AND  ELECTRONICS  DISPOSAL 


WAR  ASSETS  ADMINISTRATION 


Offices  located  at;  Atlanta  •  Birmingham  •  Boslan  •  Charlotte 
Chicago  •  Cincinnati  •  Cleveland  •  Denver  •  Detroit  •  Grand  Prairie, 

Tex.  •  Helena  •  Houston  •  Jacksonville  •  Kansas  City,  Mo.  •  little  Rock 
Los  Angeles  •  Louisville  •  Minneapolis  •  Nashville  •  New  Orleans  •  New 
York  •  Omaha  •  Philadelphia  •  Portland,  Ore.  •  Richmond  •  Salt  Lake  City 
St.  Louis  •  San  Antonio  •  San  Francisco  •  Seattle  •  Spokane  •  Tulsa  1374 

Customer  Service  Centers  in  these  and  many  other  cities. 


ELECTRONICS  —  Noventbsr,  1947 


207 


{ 


It’s  Better  Betause  It’s  Bendix! 


electron  art  (continued) 

the  turtle  heart.  A  schematic  cir¬ 
cuit  diajrram  of  the  myograph  to¬ 
gether  with  a  record  obtained  us¬ 
ing  two  instruments  of  this  type  are 
shown  in  Fig.  2. 

This  research  was  supported  in 
part  by  the  Wisconsin  Alumni  Re¬ 
search  Foundation  and  the  Brit- 
tingham  Research  Fund. 

(1)  H.  niul  J.  A.  K.  Eyster,  .4ni 

./.  (‘IiuhM.,  ji  auo,  Vol.  128,  1940. 

(2)  W.  K.  (iilson,  .Vpplimtiuns  of  Kltv 
troiiios  to  l’li.vsiolo;;.v.  im.kctiiun ics,  .luu 
10i:{. 


-Bendix  DYNAMOTORS 


‘op-digi,, 

Wc" 

•  »  li  to  500 

J  dual, 

- - -  - - Cef, j 


STANDARD  RATINGS 


Modal 

Frama 

Sisa 

Input 

Volts 

Output 

Volts 

Output 

Watts 

Approx. 

Woight 

DA58A 

2y4' 

14 

250 

15 

21b.  12oz.  j 

DA1A 

14 

230 

23 

51b. 

DA77A 

4" 

5.5 

600 

104 

9  lb.  1 2  oz 

DA1F 

4'/i' 

25 

540 

243 

1 1  lb.  8  oz. 

DA7A 

5%' 

26.5 

1050 

420 

261b.  10  oz. 

SURVEY  OF  NEW  TECHNIQUES 

Glass-metal  tube  seals  of  the  cop¬ 
per  or  Kovar  type  having  an  oxide 
surface  between  metal  and  glass— 
as  in  usual  seals — have  high  resist¬ 
ance  at  very  high  and  ultrahigh  fre¬ 
quencies.  The  oxide  surface  carries 
most  of  the  current.  Gold  coating 
at  the  glass-metal  seal  improves  the 
conductivity  by  about  30  times. 

Instrument  panels  and  scales  can 
be  made  luminescent  by  using  phos¬ 
phorescent  Lucite.  which  retains  its 
afterglow  for  about  12  hours  after 
exposure  to  light. 

Using  waveguides  for  trunk  lines 
in  communications  .systems  such  as 
the  telephone  and  telegraph  serv¬ 
ices  is  considered  possible  by  Dr. 
H.  M.  Barlow  of  the  University  of 
London.  Although  fraught  with  dif¬ 
ficulties,  waveguides  can  introduce 
less  attenuation  than  coaxial  cables, 
provide  such  good  screening  that  a 
60  db  power  drop  can  be  tolerated 
between  repeaters  (against  20 — 40 
'  db  for  1-f  carrier  systems),  and  the 
waveguide,  like  the  coaxial  cable, 

,  can  be  arranged  to  carry  power  for 
'  the  repeaters.  The  size  of  the  wave- 
I  guide  compares  favorably  with  that 
!  of  current  multiconductor  cables, 
j  and  it  could  readily  accommodate 
the  same  number  of  channels, 

1 

I  Calculating  machine  has  been  de- 
I  veloped  by  the  Soviet  Power  Insti- 
i  tute  that  solves  up  to  six  linear  dif- 
I  ferential  equations  or  six  algebraic 
'  filiations  with  complex  coefficients, 
j  It  uses  electronic  circuits  and  oper- 
I  ate 3  by  electrical  analogy  of  physi- 
I  cal  phenomena,  and  has  been  used 
I  to  solve  problems  involving  turbo- 
I  generators,  airplane  stability,  and 
I  fluctuations  of  control  .systems  (no 
;  further  details  were  available). 
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RELAYS 


for  Electronic  Circuits 


OTHER  ALLEN-BRADLEY  RELAYS  &  CONTACTORS 


RESISTORS 


QUailTV 


All«n-Bradl*y  Universal  , 
Relay  in  standard  pressed 
steel  enclosure. 


9 

-  BULLETIN  700  UNIVERSAL  RELAYS  are  a  new  and  important 
addition  to  the  standard  line  of  Allen-Bradley  solenoid  relays  with 
a  1 0-ampere  rating.  These  universal  relays  have  two  banks  of  con- 
.  tacts  which  permit  quick  and  easy  changes  from 
NORMALLY  OPEN  TO  NORMALLY  CLOSED  contacts 
...  or  vice  versa  . . .  merely  by  shifting  terminal  con¬ 
nections.  (See  diagrams  at  left.)  They  are  ideal  for 
electronic  applications  in  which  circuit  connections 
must  be  interchangeable  to  meet  varied  operating 
conditions.  Available  in  2,  A,  6,  and  8  poles,  with 
double  break,  silver  alloy  contacts  which  need  no 
maintenance.  There  are  no  pins,  pivots,  bearings,  or  hinges  to  bind 
or  stick.  Hence,  these  relays*  are  good  for  millions  of  trouble-free 
operations  in  electronic  service.  Send  for  bulletin,  today. 


RELAYS 


Dimensions 
3%  in.  *  3  in.  X  3%  in. 


C^cntuct  onuectic 


BULLETIN  702 
SOLENOID 
CONTAC¬ 
TORS  for 
heavy  duty 
ratings  up  to 
300  amperes. 

Arranged  for 
2-  or  3-wire 
remote  con¬ 
trol  with  push  buttons  or  auto¬ 
matic  pilot  devices. 

Enclosing  cabinets  for  all 
service  conditions.  Double 
break,  silver  alloy  contacts 
require  no  maintenance. 
Solenoid  mechanism  is  simple 
and  trouble-free. 
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f  BULLETIN  848 
TIMING  RELAYS 
are  ideal  for  any 
service  requiring 
an  adjustable 
delayed  action 
relay.  Have  normally  open  or 
rrarmally  closed  contacts.  • 
Magnetic  solenoid  core  is 
restrained  from  rising  by  the 
piston  in  oil  dash-pot.  Adjust¬ 
able  valve  in  piston  regulates 
time  required  to  pull  piston 
through  oil -seel  and  trip  the 
contacts,  which  open  or  close 
with  quick,  snap  action.  Ideal 
for  transmitter  plate  voltage 
control. 


Relay  with 

4  NORMALLY- OPEN  \  I 
0  NORM  ALLY- closed:: 
(ONTAos  :: 


Relay  with  *  • 
3  NORMALLY- OPEN 

I  normally-closed:: 

CONTACTS  :: 


Reloy  with  •• 
2  NORMALLY- OPEN  »* 
2  NORMALLY- closed:: 
coNTAas  :: 


Relay  with 
1  NORMALLY- OPEN 
3N0RMALLY-CL0SEDX 
coNTAos  : : 


Relay  with  •  • 

0  NORMALLY- OPEN  H 
4  NORMALLY- CLOSED  IS 
CONTAGS  SS 


Allen-Bradley  Co. 

1 10  W.  Greenfield  Ave. 
Milwaukee  4,  Wis. 


ALLEM-BRADLEY 


y  i  ■  lMl4 1  i^  pSSPtSllSl «  - ' ^lir  .lS9;-fl4W '  ^ 


NEW  PRODUCTS 

(continuad  from  p  ISO) 


distances  up  to  1,000  ft.  Its  appli- 
cations  include  traffic  control,  count¬ 
ing  and  limiting,  and  the  like.  The 
light  source  contains  a  lamp,  trans¬ 
former,  and  motor-driven  slotted 
disk  which  modulates  the  light  beair 
at  about  900  cps.  The  relay,  becausi 
of  its  tuned  circuit,  is  responsivi 
only  at  this  frequency. 


Iiie^ulatioii  Testing 
Ohiiimeler  (14) 

Herman  H.  Sticht  Co.,  Inc.,  27 
Park  Place,  New  York  7,  N.  Y. 
Model  B-7  Megohmer  has  ranges  of 
0-200  megohms  at  500  volts  d-c,  0- 
20  megohms  at  250  volts  d-c,  0-200 
and  0-20,000  ohms.  On  the  0-200 


To  insure  top  performance  and  long  uninterrupted  tube  life,  leading 
manufacturers  of  electron  tubes  cooperated  with  Amphenol  engineers 
in  designing  these  new  Industrial  Sockets.  With  36  types  currently  avail¬ 
able,  and  more  to  come,  Amphenol  Sockets  today  are  available  for 
practically  all  electron  tubes  now  in  use. 

Amphenol  Industrial  Electron  Tube  Sockets  combine  the  best  of  design 
in  terminals,  contacts  and  insulation.  Quick-connect  screw  type  terminals 
simplify  testing  in  original  equipment  and  the  replacement  of  sockets  in 
older  equipment.  Cloverleaf  contacts,  an  exclusive  Amphenol  feature, 
provide  four  full  lines  of  contact  to  the  tube  pins  and  assure  against  loss 
of  conductivity  under  the  heavy  current  loads  of  industrial  applications. 
Insulation  materials  have  been  chosen  to  provide  maximum  physical 
strength,  high  arc-resistance  and  reduced  carbon  tracking.  Barriers 
provide  extra  safety  factors. 

These  Amphenol  Features  Spell  Top  Ifhciency 

A  First  to  comply  with  N.E.M.A.  and  Underwriters'  specifications  for  industrial  equip¬ 
ment. 

A  Rugged  insulating  barriers  prevent  flashover  and  arcing  in  humid  and  dusty  indus¬ 
trial  applications. 

A  Reversible  binding  screw  terminals  simplify  wiring  and  maintenance. 

A  Cloverleaf  contacts  .  .  .  four  full  length  lines  of  contact  with  each  tube  pin. 

See  your  parts  jobber,  or  write  today,  for  full  technical  and 
cost  data  on  Amphenol  Industrial  Electron  Tube  Sockets. 


ohm  scale  testing  to  0.1  ohm  is  pos¬ 
sible.  Bulletin  No.  440,  with  com¬ 
plete  description  and  pertinent  in¬ 
formation,  is  available  on  request. 


Crystal-Controlled  Signal 
Generator  (15) 

Premier  Crystal  Laboratories. 
Inc.,  57-67  Park  Row,  New  York  7, 
N.  Y.  With  the  model  117  crystal- 
controlled  signal  generator  any  fre¬ 
quency  from  100  kc  to  10.8  me  can 
be  obtained  using  110  volt  power 
supply,  a-c  or  d-c.  The  instrument 


1830  South  54th  Avenue,  Chicago  50,  Illinois 
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One  of  a  series  of  messages  to  help  you  increase  your  understanding  of  business  paper  advertising,  and  its  effect  on  your  business. 


Why  you  and  your 
advertising  manager 
are  partners 


FtOM  WHERE  YOU  SIT,  advertising  may  look  like 
the  “glamour  department”  of  your  company  — 
necessary,  of  course,  but  pretty  far  removed  from 
the  hard-headed  realities  of  the  production  line. 

But  take  a  closer  look.  In  one  respect,  the  adver¬ 
tising  manager’s  job  bears  a  striking  resemblance  to 
I  your  own. 

You’re  production-minded.  You’re  concerned  with 
anything  that  will  improve  plant  procedures,  speed 
up  assembly  time,  prevent  waste,  and  reduce  the 
manufacturing  cost  per  unit. 

And  that  is  precisely  where  you  walk  arm-in-arm 
with  your  advertising  manager.  Because  he  thinks 
the  same  way  about  the  manufacture  of  a  sale. 


The  whole  process  of  selling  and  distribution  are 
his  assembly  line.  And  every  time  he  can  reduce  the 
unit  cost  of  a  sale  by  so  much  as  a  few  cents,  he 
increases  your  company’s  chance  to  show  a  profit. 

Ask  him  for  a  definition  of  advertising,  and  he  will 
probably  t^ll  you  that  it  is  simply  mechanized  selling^ 
a  machine  that  multiplies  the  productive  capacity  of 
the  sales  force  —  seeking  out  prospects,  arousing  their 
interest,  creating  a  preference  for  the  things  your 
comp)any  makes. 

And  when  it  is  concentrated  among  the  hand¬ 
picked  readers  of  business  papers,  advertising  becomes 
the  most  efficient  machine  this  partner  of  yours  has 
found  for  lowering  the  cost  of  producing  a  sale. 


What  are  the  ten  ways  to  measure  the  results  of  your  business  paper 
advertising?  You’ll  find  the  answers  in  a  recent  A  BP  folder,  which  we’ll 
be  glad  to  send  you  on  request,  .ilso,  if  you’d  like  reprints  of  this  adver¬ 
tisement  (or  the  entire  series)  to  show  to  others  in  your  organization,  you 
may  have  them  for  the  asking. 


ELECTRONICS 

is  one  of  the  129  members  of  The  Associated  Business  Papers, 
whose  chief  purpose  is  to  maintain  the  highest  standards  of  editorial 
helpfulness — for  the  benefit  of  reader  and  advertiser  alike. 
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iGCtroniCS  reader  service.  . . 

/ 

LITERATURE  and  NEW  PRODUCTS 


Manufacturers'  Literature  as 
t\\  as  further  infonrKition  on  New 
oducts  described  in  this  issue 
e  important  "working  tools"  for 
»sign  and  production  depart- 
ents.  To  make  it  easy  to  keep  up 
date,  ELECTRONICS  will  i 
iest  manufacturers  to  send  re* 
s  the  literature  in  which  they 
terested.  Just  fill  out  card  js 
lown  in  the  filled-in  sannple 
fghtJ,  being  particularly  careful 
I  write  out  in  full  all  the  informa- 
)n  called  for  in  each  sec  on  of 
jch  card  that  is  used. 

OW  TO  ORDER: 

There  are  two  postcards,  each 
vided  into  four  parts.  Each  of  the 
lur  parts  contains  a  O*  ^0“ 
rite  in  this  Q  the  number  that 
ppears  in  this  issue  over  the  litera- 
ire  or  new  product  item  in  which 
3u  are  interested.  Place  one  num* 
er  only  in  each  circle. 

,  Fill  out  completely  (name,  ad- 
ress,  etc.)  for  each  piece  of  litera-  — 
Ke  or  new  product  information  you 
esire. 

Do  not  say  “same"  in  lieu  of 
riting  out  full  information  called 
>r  when  requesting  more  than  one 
em. 

.  This  service  applies  only  to  liter* 
ture  and  new  product  items  in  this 
sue.  It  does  not  apply  to  adver- 
isements.  Write  directly  to  the  com- 
any  for  information  on  its  adver- 
isements. 

[lease  NOTE:  Requests  for  un¬ 
lumbered  items  must  be  mode 
|irect  to  the  manufacturer. 

In  the  event  this  copy  of  ELEC- 
[RCNICS  is  passed  along  to  other 
hembers  of  your  company,  please 
jeav?  this  sheet  in  for  their  con- 
[enie  .ce.  This  assures  everyone  in 
?our  plant  the  opportunity  to  fill  in 
reir  requests.  When  the  round  is 
completed,  cards  can  then  be  de- 
pched  along  perforated  lines  and 
hopped  in  the  mail.  Each  individ- 
Wl  request  will  be  mailed  by  us  to 
he  company  offering  the  informa- 
Son  and  for  that  reason  must  be 
kOmpletely  filled  out. 

El 


. .  . .  ® 

- 


Writ*  in  circle  number  of  item 
describine  one  item  wented 

Yowr  Com; 

Addreu..  _ 

Ye«r  Name.! 

Your  Title.. 

ELECTRONICS,  930  W.  42nd  St..  N.  Y.  11 


Write  in  circle  number  ef  item 
describine  one  item  wented  -•  xLJ 

Your  CemDony  Non*e.»i^^CS. 

Add  re*». .  3 — 

_ //ft. - 

Yoer  Name...^^!r  . . 

Your  Title . 

aECTRONICS,  330  W.  42nd  V.  N.  Y.  IS 


Write  in  circle  number  ef  item 


describine  one  item  wented  ■ 

Your  Company  Nome..  \^€Sa 
Address...  3 

_ CA/<.a.fe. /3l 


P  t 


Your  I  _ 

Your  TTtl. . 

ELECTRONICS,  330  W.  42nd  St...N.  Y.  II 


Write  in  circle  number  ef  Item 
describine  ene  Item  wanted" 

Your  Cernpany  NameX^.fMSi 
Add  ren..>.X  I 

_ ChiCA^P  JXUL. 

Your  Nome . . 

Your  Title . AdOf  Mar. . - . . 

ELECTRONICS,  390  W.^2nd  St..  N.  Y.  II 


SAMPLE 

CARD 

SHOWING 

CORRECT 

FILL-IN 


PLACE  U  STAMP  ON  CARD  •  DO  NOT  USE  AFTER  FEBRUARY  1 


Write  in  circle  number  ef  item 
describing  one  item  wanted  -* 


Addreu . . 

Your  Name . 

Your  Title . . . . 

ELECTRONICS,  330  W.  42f.d  St..  New  York  It,  N.  Y. 


Write  In  circle  number  of  item 
describing  one  Item  wanted  -e 

Your  Company  Name . 


i 

j  Write  in  circle  number  ef  Item 
I  describing  one  item  wanted  -* 

I  Your  Company  Name . 

I 

i  Address....... . . . . 


!  Your  Name . 

iYour  Title . 

ELECTRONICS.  330  W.  4?nd  Si.,  New  York  18.  N.  Y. 

5 

I  Write  In  circle  number  of  Hern 
i  describing  ene  item  wanted  -e 

I  Your  Company  Nome . . 


Addreu. 


Addreu. 


Your  Name . . . . . . . 


Your  Nome. 


Your  Title . . . . . 

ELECTRONICS.  330  W.  42nd  St..  New  York  18.  N.  Y. 

Write  in  circle  number  ef  Item 
describing  one  item  wanted  -e 

Your  Company  Name . 

Addreu . . . 


Your  Title . 

ELECTRONICS.  330  W.  42nd  St..  New  York  18.  N.  Y. 

Write  in  circle  number  of  item 
describing  one  item  wanted  -» 

Your  Company  Name . . 


Addreu. 


Your  Name . . . 

Your  Title . . . 

ELECTRONICS.  330  W.  42nd  St..  New  York  18.  N.  Y. 

Write  in  circle  number  of  item 
describing  one  Item  wanted  -» 

Your  Company  Name . 

Addcett . 


Your  Name . . . 

Your  Title . . . . . 

ELECTRONICS.  330  W.  42nd  St..  New  York  18.  N.  Y. 

Write  in  circle  number  ef  item 
deuriblng  ene  Item  wanted  -» 

Your  Company  Name . . . 

Addreu . . . . . . 
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Your  Name. 
Your  Tt*le.... 


Your  Name. 
Your  Title.... 


made  in  3  general 
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CANNON 


(continuo<i] 


3209  Humboldt  Street,  Los  Angeles  31,  California 

Canada  &  British  Empire  —  Cannon  Electric  Co.,  Ltd.,  Toronto,  Ontario  •  World  Export 


Agents  ^exceptinq  British  Empire)  Frazar  &  Hansen,  301  Clay  St.,  San  Froncisco  11,  Calif. 


CANNON  EIECTRIC 

pfE^TDIC  .  ^DEVELOPMENT  COMPANY 


Cannon  Electric  Type  DPB  Connector  using 
gold-plated  contacts  in  Studio  Control  Booth 
Console,  Type  120  Amplifier  in  the  low  level 
side.  Plug-in  connector  greatly  increases 
ease  of  servicing  and  mointenance. 


Heterodyne  Detector 

Kalbfell  Laboratories,  Inc.,  1076 
Morena  Blvd,,  San  Diego  10,  Calif. 
The  Kay-Lab  heterodyne  detector 
will  measure  signals  of  100  micro¬ 
volts  and  is  usable  from  500  cycles 
to  50  me.  It  is  used  to  compare  an 


arrangements  available  for  a  wide 
variety  of  wire  sizes,  including 
coaxials. 


TYPE  DPB  —  rack  type  pin  and 
socket  assemblies  (both  for  fixed 
mounting)  carry  standard,  coaxial 
and  twinax  contacts.  Six  basic  lay¬ 
outs  available  in  DPB,  many  more 
in  the  larger  DPD  shell  size. 


NEW  EDITION  C-46-A  CATALOG- Far  a  com¬ 
plete  survey  of  the  majority  of  Cannon  Electric 
products,  send  for  this  C^6-A  Catalog,  con¬ 
taining  prices  on  many  items.  Also  included  are 
the  names  and  addresses  of  our  distributors. 
Write  Department  K-120. 


PLUGS 


PHOTOCOUSTISYAPPII CO  RESEARCH  LAS.,  6LEN DALE. CALIF. 


Arrows  point  to  Cannon  Electric  Type  '‘K*’ 
fittings  connecting  a  maze  of  circuits  on  the 
Quontometer,  a  direct-reading  spectometer 
which  determines  chemical  analysis  of  metals 
in  45  seconds.  Rear  view  shown. 


K-21  Plug 


RK-24C  Plug 


draws  17  watts,  and  comes  equipped 
with  a  6-foot  cord  and  53-inch  leads 
with  insulated  clips. 


Calibration  Units  (16) 

James  Millen  Mfg.  Co.,  Inc.,  150 
Exchange  St.,  Malden  48,  Mass.,  an¬ 
nounces  two  new  frequency  calibra¬ 
tion  units  for  use  in  checking  tran.s- 


mitter  carrier  frequencies  and  other 
h-f  signals  against  WWV.  Model 
90515  combines  the’  functions  of 
the  secondary  frequency  standard 
model  90505  and  the  h-f  multiple 
and  mixer  unit,  model  90511.  Model 
90511  is  also  available  separately. 
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Problems  solved  by  Richardson...  in  Plastics 


**2  -  DBSIQN  op  A  PLASflC  AlIZCRApT  QE-AR. 


o 

PRO  I#  K  M  «  OeAfi.  AS  OA.tO/A/ALLf  OBSIGNBO 

WAS  A  DISK  OP  InSUROK.  lAMI/VArSD  MArtft-lAL. 
SCMBO  ^  rMfteAOeO  on  INSIOB  OiAAfBreK.,^SC»BiVBD 

ONTO  A  NierAL  spiDBiK..  /IffsK.  iNNicN,  Poles  tNB/te. 
OKU  I  BO  piKOUGM  T-PKBAOBO  SBCflONSj  IMfO  INMICM  MBT^L 

Pins  tPBize  oeiveN  ^  phtb/so.  /’Pis  mb /•moo  op  assbatqly 
pKoreo  iNeppicieNT  oue  po  jmb  s/MeNi/oas  spp esses 

KeqtuKBD  pop.  AiKCKApp^  /  DISKS  MAO  f  eNoeNcy  TO 
LOOSBN.  PMOS  ppe  PBOBLBNI  NAS  TO  S  SCO  BE  A  peBMAMeMf 
MOPNPINO  NMiCN  Cot/ION'T  SB  IaosBATBO  pBONf  fHB 

sp/oe/z . 


o 

SOLUTION  \R.  ICMAB.OSON Pips piC tans  ReCOTATHeNOBD 

APOpJION  OF  MOLOeO  PROCeDlTR  R .  I NspBAD  Op 
fTlRePD/NO  pP£  SpiDETZ^  pTTlS  Secp/ON  NAS  OEB PL  Y 
KMORLeO  ^  A  CBISTTPAL  OROOVeO  pec  ess  NASCop 
PpTPN.  KNURLING. pMe  spioep.  NAS  NtOUNpeO  IN  A 
SUipASLE  AAOLO  ^ OTSKS  Op  SApt/R.Ap£D  AtApBR/ALS 
NBRB  ASOLO  BO  TNpO  plACE  .  AAApeRTAL  p/LLBO  KECeSS 
^  KNUR.  L£0  popp/oNS  JO  pORpecp  SoNO/ATG. 

tNmbn  £lecpR/cAL  plAsM-ousPS  occuRneo  ap  Lapbr.* 

OApB,  AAOLO  NAS  C mange O  Po  PER  M/p  INCLUSION 
OP  SApURApeO  DISKS  TO  COVBR  AfepAL  NT/BRe  pLASP~ 
OyBRS  OCCtlRRBO.  /MiS  DESIGN  CMANGB  EliMINApeO 
ALL  PREVIOUS  DippiCULpIBS. 


INSUROK  Precision  Plastics 


INSUROK  is  the  family  name  of  a  great  variety  of  laminated  and  molded  plastic  products  produced 
by  Richardson.  Laminated  INSUROK  is  available  in  sheets,  rods,  tubes,  punched  and  machined 
parts,  made  with  paper,  fabric,  glass,  etc.  Molded  INSUROK  products  are  made  from  Beetle, 
Bakelite,  Plaskon,  Tenite,  Styron,  Durez,  Lucite,  etc.,  by  compression,  injection  and  transfer  molding. 


r_J)  RICHARDSON  COMPANY 


fOUNDfO  185S 


Salat  ONicat 


Salat  Haadqwarlart:  MElROSf  PARK,  III 
NEW  YORK  A,  75  WEST  STREET 
PNIIADEIPHIA  40,  PA..  3728  NO.  BROAD  STREET 
CIEVEIAND  15,  OHIO,  334-7  PlYMOUTH  BIDO.  •  DETROIT  2,  MICH.,  6-252  G.  M.  81DG. 

Tacforiat;  MEIROSE  PARK.  III.  •  NEW  BRUNSWICK.  N.  J. 


lOCKlAND,  CINCINNATI  IS,  OHIO 

ROCHESTER  4.  N.  Y.,  1031  SISUY  TOWER  SIDO. 
MIIWAUKEE  3,  WIS.,  743  NO.  FOURTH  STREET 
ST.  lOUIS  12,  MO..  SS7R  PERSMINO  AVENUE 
INDIANAPOIIS,  IND. 


RICHARDSON  MEANS 


PLASTICS 
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An  electronics  service  designed  for 


FOR  THE  READER  •  •  •  ELECTRONICS  fundamental  policy  has  always  been  to  supply  its  readers  with 
all  the  pertinent  and  timely  industry  news.  The  ELECTRONICS  Reader  Service  supplements  this  policy  by 
offering  the  reader  an  easy  and  effective  means  of  obtaining  complete,  up  to  the  minute  data  on  new 
products  and  of  maintaining  at  his  fingertips  comprehensive,  practicnble  information  on  “who's  doing 
what’’  in  the  industry.  C 

in  every  issue  of  ELECTRONICS  there's  complete  coverage  of  the  month  by  month  development  by 
manufacturers  of  new  materials,  components  and  equipment,  as  well  as  brief  mention  of  all  the  important, 
new,  manufacturers’  technical  pamphlets  and  catalogs.  Some  of  these  items  will  be  of  particular  interest 
to  specific  design  and  plant  engineers,  buyers,  executives  and  others  of  our  readers.  They  will  want  to 


of  the  manufacturers'  literature  and  catalogs.  ELECTRONICS 

Reader  Service  makes  it  easy 
for  them  to  obtain  in  readily 
accessible  and  usable  form 
ihe  information  they  desire. 

FOR  THE 

MANUFACTURER... 

ELECTRONICS  Reader 
Service  will  also  be  welcomed 
by  manufacturers  who  ore 
desirous  of  placing  the  com¬ 
plete  news  of  their  product 
developments  as  well  as  their 
technical  bulletins  and  cata¬ 
logs  in  the  hands  of  those 
members  of  the  electronic  in¬ 
dustry  .  .  .  including  design, 
electrical  and  production  en- 
P  gineers,  researchers,  physi- 

§  cists,  executives,  and  buyers 

— who  have  a  particular  in¬ 
terest  in,  or  represent  a  po- 
I  tential  buying  power  for, 
their  products, 
r 

^m^SUGGESTIONS  FOR  THi 
f 'IMPROYIREENT  OP  OUl 
READERS'  SERVICE  ARE  INVITO) 

ELECTRONICS  is  c<)n- 
stantly  seeking  new  and  im¬ 
proved  ways  of  providing  its 
readers  with  the  news  and  in¬ 
formation  they  want  and 
need,  and  of  assisting  the 
manufacturer 
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effectively 
delivering  his  message  to 
electronic  markets.  If  you 


ELECTRONICS 


have  any  ideas  for  us,  send 
them  along.  They  will  receive 
prompt  consideration. 


330  WEST  42nd  STREET 
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NEW  PRODUCTS 


Standard  parts  to  special  specifications  and 
produced  by  straight  line  volume  production 
methods.  For  further  details,  write  for  Bulletin 
168,  or  better  still,  tell  Acme  Electric  transfor¬ 
mer  engineers  about  your  problems  and  let 
them  assist  you. 


ACME  ELECTRIC  CORPORATION 

31  Water  St.  CUBA.  N.  Y. 


TRANSFORMER 

DESIGN 


(continj*^) 

unknown  frequency  with  that  of  a 
signal  generator.  In  addition  it  wil] 
demodulate  an  a-m  signal  without 
use  of  a  second  uscillator.  Ihe  cir¬ 
cuit  consists  of  a  pentagrid  con¬ 
verter  and  a  high-gain  audio  ampli. 
her  with  loudspeaker. 


Welding  Timer  ( 18) 

Ripley  Ck).,  Inc.,  Middletown,  Conn. 
The  62D  Timatron  can  time  any 
welding  machine  up  to  10  kva  and 
is  adjustable  from  0.1  second  to  5 
seconds  by  a  hand  control  covering 


aw€  CfOU  M 


The  unique  differences  in  the  design  of  an  electronic  product 
often  call  for  components  that  are  slightly  different  than  so-called 
standard.  Here  is  an  Acme  Electric  transformer  which  may  give 
expansion  to  your  ideas  —  to  take  advantage  of  all  the  "extras" 
for  better  performance. 

We  call  this  "Mounting  Type  130"  —  two  hole 
horizontal  mounting,  with  lead  holes  on  bot- 
tom  or  side  of  shell.  It  is  developed  in  ratings 
from  15  VA  to  100  VA  to  the  exact  electrical 
characteristics  that  you  require.  Made  from 


any  timing  range  desired.  Once  set 
for  a  particular  thickness  of  metal, 
timing  becomes  automatic  for  the 
entire  production  run. 


Loud  speaker  (19 ) 

Graybar  Electric  Co.,  420  Lexing¬ 
ton  Ave.,  New  York  17,  N.  Y.  West¬ 
ern  Electric  type  765 A  loudspeaker 
is  an  8-inch  unit  with  a  frequency 


ELE 


WHAT  MAKES  A 
MAILING  CLICK? 


Advertising  men  agree — the  list  is  more  than  half 
the  story. 

McGraw-Hill  Mailing  Lists,  used  by  leading  manu¬ 
facturers  and  industrial  service  organizations, 
direct  your  advertising  and  sales  promotional 
efforts  to  key  purchasing  power.  They  offer  thor¬ 
ough  horizontal  and  vertical  coverage  of  major 
markets,  including  new  personnel  and  plants. 
Selections  may  be  made  to  fit  your  own  special 
requirements. 

New  names  are  added  to  every  McGraw-Hill  Usf 
daily.  List  revisions  are  made  on  a  twenty-four 
hour  basis.  And  all  names 
are  guaranteed  accurate 
within  two  per  cent. 

^  In  view  of  present  day  difR- 

~  culties  in  maintaining  your 

~  own  mailing  lists,  this  efU- 

^  dent  personalized  service  is 

particularly  important  in  se- 
curing  the  comprehensive 
market  coverage  you  need 
and  want.  Ask  for  more  de- 
fai  I  ed  information  today. 
You'll  probably  be  surprised 
at  the  low  over-all  cost  and 
the  tested  effectiveness  of 
these  hand-picked  selections. 


McGraw-Hill  Publishing  Company,  Inc. 


Novtmber,  1947 


NEW  PHOOUCTS  (eon  «u*d) 

response  from  60  to  13,000  cycles. 
With  8  watts  output,  the  speaker  ig 
only  3i  inches  deep  and  requi;  es  a 
baffling  enclosure  of  only  two  cubic 
feet. 


F-M  and  Television 
Antennas 


Ward  Products  Cokp.,  1623  E.  45th 
St.,  Cleveland  3,  Ohio,  is  now  pro¬ 
ducing  a  line  of  Magic  Wand  dipole 


f-m  and  television  antennas.  In¬ 
cluded  are  a  choice  of  straight  or 
folded  dipoles  for  both  the  88-  to 
108-mc  f-m  band  and  the  44-  to  88- 
mc  television  band. 


Solenoid-Operated  Switch  (21) 


G.  H.  Leland,  Inc.,  116  Webster 
St.,  Dayton  2,  Ohio,  announces  a 
new  circuit  selector  switch,  the 
rotor  of  which  is  driven  by  a  sole¬ 
noid.  The  solenoid  operates  on  d-c 


ONE  OF  THE  MANY 
MANUFACTURERS  OF 
RADIO  APPARATUS 
wlilcfi  wind  colls  on 

COSMALITE*  forms 

The  Cleveland  Container  Company  recom¬ 
mends  for  YOUR  consideration  these  spirally 
laminated  paper  base.  Phenolic  Tubes. 

Wall  thicknesses,  diameters,  punching  and 
notching  to  meet  your  individual  needs. 

WE  RECOMMEND  our  #96  COSMALITE  for 
coil  forms  in  all  standard  broadcast  receiving 
sets;  our  SLF  COSMALITE  for  permeability 
tuners. 

Spirally  wound  kraft  and  fish  paper  Coil  Forms 
and  Condenser  Tubes. 


Inquiries  welcomed  also  on  COSMALITE  COIL 
FORMS  for  Television  Receivers. 

*Trad*  Mark  Ragitlerad 


^>4CLiYEUIID  COHUmiRd 

6201  BARBERTON  AVE.  CLEVELAND  2,  OHIO  f 

•  All-Fibra  Cans  •  Combination  Metal  and  Paper  Cans  t 

•  Spirally  Wound  Tubes  and  Cores  for  all  Purposes  f 

•  Plastic  and  Combination  Paper  and  Plastic  Items  t 

*  *  *  *  f 

rMNCIlM  nilTS  ihi  It  PlfMitk.  Site,  lientatt.  S  V  Cticiii.  III.  Iitnil  licL.  limtiMi.  SI  f 
tllSIlCS  IKISIISS  il  riiMitS  Idc..  Iientatt  S  T.  .  IIIISIfE  IIIISIII  it  Cliniwi  llii  f 
SUES  lEFICES  -  IMB  111.  nil  liiilBii.  ST.t.  illi  111  liii  St  IlitlliS  Cm  f 

II  Clllll  -  III  Cliiiliil  Cnliiiii  Ciiali  US.  Iiiicill  liliiii. _ f 


and  the  unit  can  be  incorporated  in 
many  appliances  employing  selec¬ 
tion  of  electrical  control  circuits. 
Typical  application  is  for  an  auto¬ 
mobile  radio. 
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Henry  L.  Crowley  &  Co.,  Inc.,  1 
Central  Ave.,  West  Orange,  N.  J.  A 
new  universal  ceramic  coil  form 
eliminates  the  need  for  special  holes 
to  take  leads  or  mount  terminals. 
The  fluted  coil  form  has  dovetail 
grooves  that  allow  taking  a  tap  lead 
which  can  be  passed  down  under  the 


Ceramic  Form 


^li£ 

F.UJ./ICKLEJ  compflnu 

OF  CHICOPEE.  MASS.  U 
LEMtNC  MMUFACTURERS  OF 

Radio  electrical  apparatus 


Insulation  Advantages 


•  LOW  LOSS  FACTOR 


General  Electric  has  complete  mold¬ 
ing  and  fabricating  facilities  for 
producing  G-E  mycalex  parts  in 
any  quantity.  Let  General  Electric’s 
mycalex  specialists  fabricate  sample 
f>arts  for  you  to  test,  .\fter  testing, 
your  designs  can  be  converted  to  the 
speediest,  most  economical  molding 
processes.  To  get  the  complete  story, 
send  for  the  new  booklet,  “G-E 
MTC.^LEX.”  Write  to  Section  S-22, 
Plastics  Division,  Chemical  Depart¬ 
ment,  General  Electric  Company, 
1  Plastics  .\venue,  Pittsfield,  Mass. 


•  HIGH  ARC  RESISTANCE 


•General  Electric  mycalex  is  an  ex¬ 
ceptional  insulation  material  because 
of  its  unique  combination  of  prop¬ 
erties.  Use  G-E  mycalex  when  insu¬ 
lator  designs  call  for  inserts  to  be 
firmly  molded  in  the  insulation — 
plus  excellent  resistance  to  heat  and 
arcing,  high  dielectric  and  mechani¬ 
cal  strength,  and  a  low  loss  factor. 
G-E  mycalex  is  a  gray,  stone-hard 
compound  of  glass  and  mica  that  can 
be  ordered  in  standard  rods  and 
sheets,  or  molded  or  fabricated  to 
your  specifications.  Samples  supplied 
on  request. 


•  HIGH  HEAT  RESISTANCE 


ELECTRIC 


GENERAL 


RONICS 


Electronics— November,  fW7 


L 


NEW  PRODUCTS 


(cont'niMd) 


short  cut 


turns  to  either  end,  or  fastening  a 
spring  clip  in  the  groove.  The  form 
is  easy  to  mount  or  equip  for  iron- 
core  tuning. 


157*Mc  Communicator  (23) 

Motorola,  Inc.,  4545  W.  Augusta, 
Chicago  51,  Ill.  The  Dispatcher  is  a 
compact  f-m  radiotelephone  trans¬ 
mitter  and  receiver  for  mobile  serv¬ 
ice  in  the  152  to  162  megacycle 
band.  It  will  sell  for  $397.50.  Power 


output  is  from  7  to  10  watts  for  a 
total  transmitter  drain  of  20  am¬ 
peres  and  a  transmitter-receiver 
standby  of  9.2  amperes.  Full  de¬ 
tails  of  this  equipment  are  avail¬ 
able  from  the  manufacturer. 


In  manufacturing  an  electrical  connector,  BURNDY 
ENGINEERING  required  Silfos  for  a  brazing  operation. 
The  problem  was  slitting  .005"  thick  Silfos  rolls  to  a  width 
of  1/16".  Only  Eastern's  specially  modified  slitters  were 
able  to  do  the  job,  and  with  a  tolerance  of  zt  .00025". 


The  next  time  you  need  non-ferrous  metals  to  meet  your 
fabrication  needs,  try  Eastern  Brass  and  Copper  Co..  Inc. 
—  "The  Complete  Source". 

■  Normal  inventory  of  over  10,000  items  of  phosphor 
bronze,  nickel  silver,  aluminum,  brass  and  copper  in 
all  shapes,  sizes  and  tempers. 

■  Immediate,  efficient  service  to  all  points. 

■  The  most  complete  processing  facilities  in  the  industry. 


Record  Cutter  (24) 

Cook  Laboratories,  139  Gordon 
Blvd.,  Floral  Park,  N.  Y.  The  model 
5-A  lateral  recording  system  com¬ 
bines  the  cutter  illustrated  and  a 


Inquiries  invitid  from  manolactiinrs.  Write  for  ooi  frN  100 -page 
catalogue  and  handbook  of  alnminnm,  brass  and  copper  alloTS. 


EASTERN 


BRASS  &  COPPER  CO.,  Inc. 

1121  LEBANON  STREET,  NEW  YORK  60  •  TALMADGE  3-2000 

precision  perfect  •  Slitting  •  Shearing  •  Rolling  •  nattening  •  Annealing 
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HEW  PRODUCTS  (continuad) 

50'Watt  amplifier  that  provides  a 
stable  higrh-frequency  response  and 
low  intermodulation  distortion. 
More  than  30  db  feedback  is  used. 
A  switch  located  on  the  amplifier 
allows  a  selection  of  any  of  the  three 
usual  recording  frequency  charac¬ 
teristics. 


THE  NEW  1947 

THORDARSON 


Shortwave  Transmitter  (25) 

J.  H.  Bunnell  &  Co.,‘  81  Prospect 
St.,  Brooklyn  1,  N.  Y.  Intended  for 
international  broadcast  and  com¬ 
munications  service,  the  20-kw 


^  ACCLAIMED  iVERYWHEKE  AS  THE 

FINEST  YET  TO  APPEAR,  THE  NEW  1947  THORDARSON 
CATALOG  IS  NOW  AVAILABLE, 


Describing  the  complete  line  of  Thordarson  Transformers  and  chokes 
for  replacement  and  amqteur  purposes,  this  up>to^ate  catalog  also 

contains  circuit  diagrams,  charts, 
showing  applications  for 
Audio,  Power,  Modulator,  Out* 
put  and  Plate  Transformers  and 
Chokes  .  .  .  plus  complete  circuit 
diagrams  for  photo-flash  power 
9  ^  supplies  .  .  .  Compiled  by  the 

engineering  staff  of  America'^s 
3  oldest  transformer  manufac* 

'51^9  \  turing  company,  it  is  a  worthy 

,4^  ’  i  addition  to  your  technicallibrary. 


transmitter  illustrated  features 
front-panel  continuous  tuning  over 
its  entire  frequency  range  from  2.85 
to  22.5  me. 


Linear  Acceleration 
Transmitter  (26) 

G.  M.  Giannini  &  Co.,  Inc.,  285 
West  Colorado  St.,  Pasadena  1, 
Calif.  The  linear  acceleration 
transmitter  illustrated  has  an  out¬ 
put  proportional  to  longitudinal 


ELECTRONIC  DISTRIBUTOR  t 
INDUSTRIAL  SALES  DEPARTMENT 


CtfCTRONIC  DISTRIBUTOR  S  INDUSTRIAL  SALES  DIRT. 

MAOUItt  INOUSTRKS  INC.  500  WIST  HURON  57.,  CHICAGO  10.  III. 

niASi  SIND  Mr  lut  coor  or  thi  niw  if  at 

THORDARSON  CATAIOO.  fOSTfAID,  TO  THI  A00Rf55  RIIOMI. 


acceleration,  but  is  highly  insensi¬ 
tive  to  quadrature  accelerations. 
Ranges  up  to  plus  or  minus  25  g  are 
stocked  with  resistances  in  the 
range  from  100  to  20,000  ohms. 


INDUSTRIES,  INCORPORATED 

500  WEST  HURON  STREET  •  CHICAGO  10,  ILLINOIS 


EXPORT:  SCHEEl  INTERNATIONAL. 
4237  N.  LINCOLN  AVENUE,  CHICAGO  It,  ILLINOIS 


Oscilloscope  Camera  (27) 

Fairchild  Camera  and  Instru¬ 
ment  CoRP.,  88-06  Van  Wyck  Blvd., 
Jamaica  1,  N.  Y.  Equipped  for 
mounting  atop  standard  laboratory 
oscilloscopes,  a  35-mm  camera 
makes  still  or  continuously  moving 
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new  products  (continuad) 

kets,  tension  devices  are  two  types 
of  Nylon  strip  designated  FMl  and 
FM3.  Melting  point  of  the  former 
is  about  606  F.  Type  FM3  has  a 
lower  melting  point  but  is  somewhat 
less  hygroscopic. 


Precision  Switch  Kit  (30) 

Unimax  Switch  Corp.,  460  W.  34th 
St.,  New  York  1,  N.  Y.  Using  stand¬ 
ard  components,  this  design  kit 
comprises  a  number  of  precision 
snap-action  switches,  and  an  as¬ 
sortment  of  Adaptaplates,  by  means 


of  which  the  switches  may  apply 
actuating  force  in  various  ways. 
The  Adaptaplates  include  spring- 
plunger  over-travel  device  for 
single-hole  panel  mount,  plain  leaf, 
leaf-and-roller,  and  hinge-arm  actu¬ 
ator  styles. 


Tension  Unit  and 
Insulator  (31) 

Dayton  Aircraft  Products,  Inc., 
342  Xenia  Ave.,  Dayton  10,  Ohio. 
These  antenna  tension  and  insula¬ 
tor  units,  developed  in  wartime,  are 
now  being  made  available  for  com- 


IT  IS  "A  NATURAL' 


FOR  CONTROLLING 


VOLTAGES  IN  LAB 


ORATORIES,  ASSEMBLY 


LINE  TESTING  AND  AS 


A  COMPONENT  OP 


YOUR  ELECTRICAL 


mercial  and  private  aviation.  They 
shield  the  antenna  from  corona  dis¬ 
charge  which  dangerously  inter¬ 
feres  with  radio  communication 
when  aircraft  accumulate  a  static 
charge  in  bad  weather  flying. 


UNIT. 


Send  me  the  Electronics  Journal  "Currently"  regularly  in  addi¬ 
tion  to  the  resume  on  "Electronic  Batteries.” 


NAME 


COAAPANY. 


for  tho  latest 
in  oloctronie 
dovolopments 


ADDRESS 


Electronic  Microammeter  (32) 

Bkta  Electronics  Co.,  1762  Third 
Ave.,  New  York  29,  N.  Y.  Model  301 
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SORENSEN  &  COMPANY,  INC 

375  FAIRFIELD  AVE.  •  STAAAFORD,  CONN. 


NEW  PRODUCTS 


(cont  iM«d) 


film  records  of  the  tube  displays. 
Speed  of  the  film  is  variable  so  as 
to  allow  recording  of  successive 
traces  at  the  instant  of  their  pre¬ 
sentation.  The  film  can  be  driven  in 
conjunction  with  the  sweep  or  the 
film  itself  can  be  used  as  the  sweep, 
giving  a  continuous  record. 


ore  combined  in,,, 
KESTER  Cored  SOLDERS 

Fast,  mistake-proof  application  and  permanently  secure  solder 
bonds — qualifications  that  step  up  the  pace  of  your  production  and 
assure  the  dependable  performance  of  your  products.  Qualifica¬ 
tions  you  can  count  on  when  you  use  Kester  Cored  Solders  in  any 
soldering  operation. 

Kester  Cored  Solders  perform  better,  with  a  minimum  of  service 
difficulties,  because  Kester  solder  bonds  hold  tight  under  operating 
ing  stresses  that  would  cause  ordinary  solders  to  fail. 

Kester  Rosin-Core  Solder  is  manufactured  especially  for  electrical 
work.  Kester  Acid-Core  Solder,  for  general  work,  is  an  ideal  all¬ 
purpose  solder.  Both  are  applied  in  a  single,  quick  operation. 
Order  both  from  your  jobber  today. 

KESTER  SOLDER  COMPANY 

4204  Wrightwood  Avenue  Chicago  39,  Illinois 

Eaftem  flant:  Newark,  N.  J. 

CaHadiaa  Plaat:  Iranfferd,  Oatario 


H-F  Antenna  (28) 

Radio  Specialty  Mfg.  Co.,  Port¬ 
land  14,  Oregon.  This  coax-antenna, 
constructed  of  aluminum  and  steel 


tubing,  will  handle  inputs  up  to  250 
watts  on  frequencies  between  30 
and  200  me.  Maximum  weight  is  12 
pounds. 

Extruded  Nylon  Strip  (29) 

The  Polymer  Corp.,  Reading,  Pa. 
Now  available  for  blanking  in  pro¬ 
duction  of  washers,  spacers,  gas- 


November.  1947  —  ELECTRONICS 


j# 


t 

r 

I 

Strain  Recording  is 

INSTANTANEOUS 


with  Brush  Oscillographs 


new  products 


(eofitinutd) 


determines  their  noise  and  har¬ 
monic  content.  It  also  measures  fre¬ 
quency  and  gain  characteristics  of 
audio  amplifiers.  The  frequency 
range  as  a  distortion  meter  is  from 
50  to  15,000  cycles ;  as  a  voltmeter, 
from  30  to  30,000  cycles. 


Resistance  Welding 
Control 

General  Electric  Co.,  Schenectady, 
N.  Y.,  announces  a  new  phase-shift 
heat  control  accessory  for  resistance 
welding  machines.  It  is  designed 


for  use  with  ignitron  contactors  or 
nonsynchronous  control  combina¬ 
tions  not  having  the  heat  control 
feature,  when  the  power  supply  is 
230  or  460  volts. 


High-Voltage  Midget 
Capacitors  (36) 

Aerovox  Corp.,  New  Bedford,  Mass. 
Type  PRS  midget-can  electrolytic 
capacitors  formerly  available  in 
voltage  ratings  up  to  450  volts  d-c 
working  can  now  be  procured  for 


Vacuum  Monitor  (37) 

Skaneateles  Mfg.  Co.,  Inc.,  122 
Dickerson  St.,  Syracuse  2,  N.  Y.  The 
type  DM  Skanascope  is  an  elec¬ 
tronic  device  designed  for  accurate 
indication  of  vacuum  pressures  in 
the  1  to  200  micron  range.  Signals 

ELECTRONICS  — Noremfc«r.  1947 


The  Brush  Development  Co. 

3415  Perkins  Avenue  •  Cleveland  14,  Ohio 

Canadian  R.pres.ntativ.:  A.  C.  Witkman,  (Canada)  Ltd., 

P.  O.  Box  9,  Station  N,  Toronto  14 


working  voltages  as  high  as  700 
volts.  Capacitance  values  are  8,  10, 
12,  and  16  microfarads. 


Wrile  today  /or  detailed  information  on  this  .quipmeni. 


The  Brush  Single-Channel 
Oscillograph  with  Amplifier. 

Oscillographs  arailahleia  Double 
and  Six-Chaanel  uails  also. 

• 

Instantaneous,  permanent,  ink-on-poper 
recordings  by  Brush  Oscillographs  make  their 
use  almost  unlimited.  Accurate  recordings 
of  strains,  pressures  and  countless  electrical 
phenomena  can  be  made  over  a  frequency 
range  of  D.C.  to  100  c.p.s.  Either  A.C. 
or  D.C,  signals  can  be  measured.  Whenever 
desired,  recordings  may  be  stopped  for 
notations  on  chart-paper. 

Investigate  Brush  measuring  devices  before 
you  buy  .  .  .  they  offer  more  for  your  money. 


reqo««‘®' 


,n  0009® 
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Factory:  3824-26-28  TERRACE  STREET,  PHILADELPHIA,  PA 
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electronic  microammeter  has  five 
sensitivity  ranges  from  0.01  micro¬ 
amperes  full  scale  to  100  micro¬ 
amperes  full  scale  with  40  millivolts 
full-scale  input  on  all  ranges.  The 
instrument  can  also  be  used  as  a 
null-detecting  galvanometer  with  a 
sensitivity  of  about  10  millivolts 
full  scale.  Write  for  descriptive  lit¬ 
erature. 


Belt-Type  Dielectric 
Heater  (33) 

Sherman  Industrial  Electronics 
Co.,  Inc.,  503  Washington  Ave., 
Belleville  9,  N.  J.  The  2-kw  belt- 
type  dielectric  heater  for  process¬ 
ing  in  laboratory  or  production  set¬ 
ups  operates  from  220-v,  60-cycle 


single-phase  power.  It  can  operate 
in  either  the  13-  or  27 -me  range,  and 
at  full  load,  power  consumption  is 
3.6  kva.  Total  weight  is  350  pounds. 


Light-Weight  Distortion 
Meter  (34) 

Barker  &  Williamson,  Inc.,  237 
Fairfield  Ave.,  Upper  Darby,  Pa. 
Model  400,  weighing  Hi  lb,  meas¬ 
ures  low-level  audio  voltages  and 
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NEV)^  products.  (continued) 

transmitters  either  as  a  driver  or 
low-power  output,  the  type  GL- 
2E26  is  a  five-electrode  beam  power 
amplifier  with  12.5  watts  plate  dis¬ 
sipation.  Maximum  ratings  apply 
up  to  125  megacycles. 


Experimenters’  Rectifier  (40) 

CoNANT  Electrical  Laboratories, 
6600  “0”  St.,  Lincoln  6,  Neb.  A 
new  four-disc  instrument  rectifier 
is  provided  with  insulation  between 
each  disc  and  each  has  its  own  pair 
of  leads  so  that  all  possible  combi¬ 
nations  or  connection  can  be  made. 


•  USE  THEM  FOR  REMOTE  CONTROL 

over  long  distances  and  short — as  in  this  air¬ 
craft  radio  receiver.  S.S.White  remote  con¬ 
trol  type  shafts  are  readily  installed  and  when 
properly  applied,  are  as  easy,  smooth  and 
sensitive  in  operation  as  a  direct  connection. 

•  USE  THEM  AS  COUPLINGS 

to  link  variable  elements  to  outside  controls — 
as  in  this  broadcast  transmitter.  They  allow 
you  to  locate  elements  and  controls  to  the 
best  advantage  from  the  standpoints  of  cir¬ 
cuit  efficiency,  assembly,  wiring,  servicing  and 
operation. 

•  USE  THEM  FOR  POWER  DRIVES 

to  operate  instruments  and  other  mechanisms 
requiring  rotary  power — as  with  this  electric 
tachometer  generator.  S.S.White  shafts  of 
the  power  drive  type  meet  every  need  for 
positive,  reliable  operation  between  practically 
any  two  points,  regardless  of  curves,  obstacles 
or  distance. 


Type  X  has  0.5-inch  30-mil  discs 
and  type  BX-C  has  0.165-inch  di¬ 
ameter,  5-mil  discs. 


Gang  Switch  (41) 

ACRO  Electric  Co.,  1316  Superior 
Ave.,  Cleveland  14,  Ohio.  A  new  12- 
gang  open  blade  switch  illustrated 
is  available  with  normally  open  or 
normally  closed  combinations  for 
10-ampere,  126-volt  a-c  operation. 


Information  on  operating  force,  en¬ 
gineering  details,  and  suggested 
uses  will  be  furnished  by  the  man¬ 
ufacturer. 


High-Current  Resistor  (42) 

Ward  Leonard  Electric  Co.,  31 
South  St.,  Mount  Vernon,  N.  Y.  The 
Edgeohm  high-current  resistor 
consists  of  a  continuous  piece  of 
noncorrosive  alloy  ribbon  wound  on 
edge  in  the  form  of  oval  coils.  The 
shape  facilitates  locating  and  fast¬ 
ening  movable  taps.  Standard  units 
are  rated  at  2,200  watts  and  are 
available  with  resistances  from  0.32 
to  4.35  ohms.  Originally  designed 


It  qivts  full  facts  and  tachnical  data  on  flaxibla  shafts 
and  how  to  apply  them.  Copy  sent  free  if  you  write  for 
it  on  your  business  letterhead  and  mention  your  position. 


One  0^  /^mtniceCi  A  AAA  OKdMtniAl 


ELECTRONICS  — Novemlter.  IW7 


r 


NEW  PRODUCTS 


(contirj«4) 


HIGH  VACUUM 


COI 

650 

nev 

is  I 

eac 

of 

oat 


•  are  registered  by  luminous  tube 
units,  connected  in  series  with  a 
pair  of  gage  tubes  which,  in  turn, 
operate  a  rated  3-ampere  inductive 
load  relay  for  the  actuation  of  ex¬ 
ternal  apparatus. 
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Photo  Switch 


PORTABLE  UNIT  PRODUCES 


Detect-O-Ray  Co.,  2622  N.  Halsted 
St.,  Chicago  14,  III.  Light  source, 
photoelectric  cell,  power  switch, 
volume  control,  visible  or  invisible 
beam  selector  all  housed  in  a  single 


EXTREMELY  LOW  PRESSURES 


I  Compactly  arranged  within  this  "package  unit"  developed  by 
H  Nnional  Research  Corp.,  Cambridge,  Mass.,  is  a  KINNEY  High 
^^,-.-iVacuum  Pump  and  auxiliary  equipment  —  fully  connected, 
ready  for  work  anywhere.  Engineered  to  fit  the  user's  particular  needs, 
the  unit  supplies  the  low  absolute  pressures  for  pro-  . 

ducing  drug  products,  dehydrating  foods,  coating 
lenses,  vacuum-testing  equipment,  sintering  metals 
and  performing  countless  other  low  pressure  opera-  H 

tions.  The  compact  design  of  the  KINNEY 
High  Vacuum  Pump  saves  installation 
space  —  its  fast  pump  down  and  low  i  ^ 

ultimate  pressure  reduce  costs  and  short- 
en  production  time.  KINNEY  Single  Stage 
Vacuum  Pumps  produce  low  absolute 

pressures  to  10  microns.  Compound  Kinn«y 

Pumps  to  0,5  micron.  S'"** 

Write  for  Bulletin  V-45  ^ 


unit  are  supplied  complete.  The  re¬ 
flecting  mirror  with  adjustable 
bracket  is  mounted  at  a  distance. 
The  assemblage  of  equipment  can 
be  used  for  burglar  alarm,  safety 
switch,  door  opener,  or  similar  serv- 


KINNEY  MANUFACTURING  COMPANY 


3565  WA5HINGTON  5T.,  S05T0N  30,  MA5S. 

New  York  *  Chicago  *  Philadelphia  *  Los  Angeles  *  San  Francisco 
FOREIGN  REPRESENTATIVES 

GENERAL  ENGINEERING  CO.  (RADCLIFFE)  LTD.,  Station  Works,  Bury  Rood,  Rodcliffe,  Lancashire,  England 
HORROCKS,  ROXBURGH  PTY.,  LTD.,  Melbourne,  C.  I.  Australia 
W.  S.  THOMAS  It  TAYLOR  PTY.,  LTD.,  Johannesburg,  Union  of  South  Africa 


F-M  Amplifier  (39) 

General  Electric  Co.,  Schenec¬ 
tady,  N.  Y.  Designed  for  use  in  fm 


WE  ALSO  MANOFACTIME  UQUIO  PUMPS,  CLUTCHES  ARO  BITUMINOUS  DISTRIBUTORS 


NEW  PRODUCTS 


for  starting,  dynamic  braking,  and 
load  banks,  the  new  units  have  simi¬ 
lar  applications  in  the  electronic 
field. 


APPLICATION 


OVERAU  LACQUER 


Two-Way  Radio  (43) 

Sperti  Inc.,  Norwood  Station,  Cin¬ 
cinnati  12,  Ohio.  The  new  hand¬ 
held  radio  weighs  only  pounds 


WAX  SOLUTION 


OVER-ALL  VARNISH 


WAX  CONCENTRATE 


PUNGICIOAl  COOESi  A— PtiMyl  Marcuric  Solicytol*.  T— Phaayl  Mwcurle  Staorol*. 
PA — PantochloropliAMol,  SA— Sollcylowlllda,  OR— Phanyl  Marcwric  Ortha  RaazaU 
Svlohlaiida 


A  COATING  FOR  EVERY 
APPLICATION . . .  COMPONENTS. 
WIRING.  CHASSIS.  PANELS! 

INSL-X  fungicidal  coatings  absolutely  inhibit 
organic  atuck;  prevent  moisture  inmtration. 
Years  of  research  and  improvement  have  made 
these  products  the  finest  available  for  protect¬ 
ing  electronic  equipment,  wiring  and  com¬ 
ponents  against  the  deteriorating  effects  of 
moisture,  mildew  and  corrosion. 

INSL-X  coatings  are  available  in  many  types, 
each  of  which  offers  the  maximum  protection 
for  a  specific  group  of  requirements — impre^ 
nation,  surface  coating,  high  dielectric  strength, 
low  loss  characteristics,  etc.  All  of  the  coa^ 
ings  are  easy  to  apply,  biologically  effective, 
non-toxic  to  humans  and  non-corrosive.  Chem¬ 
ical  and  thermal  stabilities  are  excellent  and 
insure  long  term  protection  in  every  applica¬ 
tion.  INSL-X  fungicidal  coatings  meet  rigid 
government  specifications. 

Write  for  complete  specifications  and  application 
data  on  all  INSL-X  insulating  coatings  and  con^ 
pounds — fungicidal  and  regular;  no  obIigation.J 


•\  coot«4 


complete  with  batteries.  It  operates 
in  the  144  to  148-mc  band  up  to 
three  miles  or  farther.  Featured  in 
the  design  is  adjustable  tuning  on 
both  transmitter  and  receiver. 


eoo'«4 


Image-Orthicon  Camera  (44) 

Allen  B.  DuMont  Laboratories, 
Inc.,  2  Main  Ave.,  Passaic,  N.  J. 
Employing  the  new  supersensitive 
image-orthicon  pickup  tube,  this 


MANUFRCnHIHS  EHGINEEK  Of  INSUUTIMG.  HIN6ICIDAI  AND  PtOTtGIVE  EUaHICAl  COATINGS 


INSL-X 

AGENTS 


DAN  J.  CONNOR 
833  R*al  Eitot*  TrutI  Bldg. 

Rhllodalphia  7,  P«nna. 

HOlllDAY  HATHAWAY  DEAN  THOAIAS 

SALES  CO.  728  Main  Stroot 

338  Main  Strnal  Buffala  3,  N.  Y. 

Cambridga  42,  Mast.  , 

R.  A.  STEMM  WHITE 

31  E.  Van  Buran  SI.  BulkUy  Building 

Chicago  S.  III.  Clavaland,  Ohio 


B.  R.  TAIYOR 
107  William  Stroot 
Nnw  York,  N.  Y. 

H.  C.  SWEET  Ca 
3729  Fankall  Avg. 
Dotroit  21,  Mich. 

J.  C.  VAN  GROOS 
1406  South  Grand  Av*. 
lot  Angolot  IS,  Calif. 


1.  C.  R.  SALES  CO.  " 
P.  O.  Sox  1191 
Austin  6,  Taxat 

O.  RIEDERMANN  CO. 
I  SI  4  Univartity  Towor 
Montrool,  Canada 

C  R.*ANDERSON  CO. 
10  E.  4lh  St.  RulldIng 
Tulsa  3,  Oklahoma 
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SWITCH  PROBLEM? 


camera  features  a  lens  turret  that 
takes  up  to  four  lenses  of  various 
focal  lengths.  Turret,  diaphragm 
setting,  and  focusing  are  controlled 
from  the  rear  of  the  camera.  Hinged 
and  removable  panels  make  com¬ 
ponents  and  circuits  immediately 
accessible.  The  electronic  viewfinder 
avoids  parallax  difficulties. 


Marine  Radio  (45) 

Applied  Electronics  Co.,  -  San 
Francisco,  Calif.  Available  in  three 
models  with  input  of  22  watts  (four 
channels)  up  to  260  watts  (ten  chan- 


N«w  model  “M“  with  leaf  actuator- 
thinnast  twitch  mod*. 


The  "Gang  Switch"  shown  above  is  just 
one  of  many  examples  of  special  con¬ 
struction  by  ACRO  to  simplify  one  cus¬ 
tomer's  problem  of  assembling  many 
switching  elements  into  one  compact  unit. 
It  reduced  the  number  of  parts,  saved 
space,  and  shortened  assembly  time. 

The  engineering  design  of  ACRO's 
patented  Rolling  Spring  Snap-Action 
construction,  permits  many  remarkable 
variations  from  our  standard  units 
shown  at  the  right.  These  variations  solve 
problems  of  space,  .nultiple  circuits,  style 
of  mounting,  resistance  to  vibration,  and 
assembly  costs.  Operating  characteris¬ 
tics  can  be  engineered  to  meet  your 
requirements,  with  ratings  up  to  15 
Amps.  1 25  Volts  A.C. 

Scores  of  ACRO’s  repeat  order  cus¬ 
tomers,  such  as  RCA,  Wilcox  Gay,  Pack¬ 
ard  Mfg.  Co.,  Brush  Development  Co., 
Nat’l  Slug  Rejector  Co.,  St.  George  Wire 
Recording  Co.,  Westinghouse,  and  many 
others  have  found  that  ACRO  is  pleased 
to  assist  in  developing  special  Snap- 
Action  units  to  fit  unusual  operating  con¬ 
ditions.  We  welcome  your  problems,  too, 
with  full  details,  for  prompt  study, 
without  charge. 


nels)  the  marine  radio- telephone 
equipment  illustrated  is  completely 
pretuned  and  prealigned.  A  feature 
of  the  gear  is  its  shallow  construc¬ 
tion  that  makes  it  suitable  for 
bulkhead  mounting. 


Cross  section  of  potonlod  Rolling  Spring 
construction  in  fully  onclosod  typo. 


Midget  Vernier  Dial  ^4®) 

James  Millen  Mpg.  Co.,  150  Ex¬ 
change  St.,  Malden,  Mass.  Type 
10039  multiscale  midget  dial  has  a 


Typical  2  polo  open  blodo  typo.  Small, 
compact,  and  positive. 


Open  Blade  Model  "M"  for  limited 
space  and  low  cost. 


vernier  ratio  of  8  to  1  and  measures 
3i  by  4  inches.  It  is  made  of  black 
art  metal. 


(Crystal  Holder  Socket  (47) 

James  Millen  Mfg.  Co.,  Inc.,  150 
Exchange  St.,  Malden  48,  Mass.  The 
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•  Specialists  in  the  production  ol 
highest  grade  Alnico  Magnets. 

•  Production  and  material  rigidly  in* 
spected  to  assure  highest  uniiorm 
quality. 

e  Castings  made  to  order  from  cus* 
tomer's  blueprints  or  sketches. 

•  Information  and  suggestions  sup¬ 
plied  on  request. 

Monufocf wrars  of  High  Coorcivo  MagooNc  Alloys 

10001  ERWIN  AVENUE 
DETROIT  5.  MICHIGAN 


IMAGIMETIC  CORPORATIOMl 


Vs"  — 32  THREAD 


WASHER  TYPE 


PALNUTS 


Push-puU  dir«ct-cottpl«d  driver  stage  J2, 
Seli-baloncdng.  driit-correcting  circuit 

13. 

Automatic  dynamic  balancer 

14. 

Push-Pull  triode  expanders  ( introduce 
less  than  116%  distortion  at  lull  20  db. 
expansion.)  jg 

No  interstage  transformers 

17 

Exclusive  non-frequency  discriminat¬ 
ing  scratch  suppression  circuit 

18 

Overall  gain  94  db.  (High  gain  model 
117  db)  19. 

Guaranteed  ±  1  db.  at  20  to  20,000 
cycles 

20. 

Independent  push-pull  high  and  low 
frequency  equalizers 

Send  for  Technical 


l^rrgedL  83  db.,  dynamic  range 
(less  expansion) 

DC  on  heaters  assures  exceptionally 
low  noise  and  hum  (-48  dbm.) 

Input  stages  employ  anti-microphonic 
corrstruction 

Regulated  fixed  bias 

Automatically  delayed  plate  voltage  \ 

Balanced  output  transformer 

Automatic  hum  balancer  continuously 
cancels  hum 

Balanced  power  feedback  increases  | 
dynamic  stability 

High  condenser  safety  factor 

No  shielded  wire  in  input  circuit  as¬ 
sures  extended  high  frequency  re¬ 
sponse 

Models  available  with  built-in  pre¬ 
equalized  pre-amplification  for  GE  : 
and  other  low  level  pickups. 

Literature 


Speed  —  Security  —  Savings! 

Washer  Type  PALNUTS  greatly  simplify 
and  speed  up  mounting  of  variable  resistors 
and  band  switches  to  the  chassis.  These 
one-piece,  self-locking  nuts  replace  a  regu¬ 
lar  nut  and  lock-washer.  Assembly  is  much 
faster  because  one  part  is  handled  instead 
of  two  and  assembly  can  be  made  with 
power  tools.  Washer  Type  PALNUTS  are 
single  thread  nuts  made  of  resilient,  tem¬ 
pered  spring  steel,  accurately  formed  to  fit 
— 32-thread  bushings.  They  run  onto 
work  easily,  without  damage  to  parts. 
Smooth,  flat  base  fits  snugly  against  chas¬ 
sis.  Double-locking  spring  action  holds  tight 
under  vibration.  Costs  less  than  regular  nut 
and  lockwasher — requires  no  more  space. 

WRITE  on  business  stationery  for  samples 
of  Washer  Type  PALNUTS  and  engineer¬ 
ing  data. 

TO  MANUFACTURERS  OF  VARIABLE 

RESISTORS  AND  BAND  SWITCHES 

Washer  Type  PALNUTS  are  ideal  for  re¬ 
placement  parts.  Include  them  in  shipments 
to  service  trade. 


AMPLIFIER  CORP.  of  AMER 


■il  The  PALNUT  Co. 

IH  n  coaoiia  ibwinoton  n  n  j 


3VB.7  BROADWAY 


NEW  YORK  13.  N.  Y. 
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VARIABLE  RESISTORS 
AND  BAND  SWITCHES 
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t 


on  short  order  following  basic  speci¬ 
fications  available  from  the  manu¬ 
facturer.  Machines  can  be  fur¬ 
nished  for  use  with  continuously 
moving  tape  or  film. 


Dual  C-R  Tube  (50) 

Electronic  Tube  Corp.,  1200  E. 
Mermaid  Ave.,  Philadelphia  18,  Pa. 
Type  6Z2P-S1  dual-gun  electro¬ 
static  focus  and  deflection  c-r  tube 
has  an  additional  pair  of  deflecting 
plates  provided  for  each  electron 
gun.  The  additional  pair  of  plates 
is  particularly  useful  in  deflecting 
a  beam  along  the  one  axis  by  appli¬ 
cation  of  two  isolated  inputs  in¬ 
stead  of  one  composite  input.  Sug- 


WHY  ARE  CORNISH  WIRE  PRODUCTS  SPECIFIED  BY  THIS 
LARGE  MANUFACTURER  OF  FLUORESCENT  PRODUCTS? 

Because  their  Engineering  Department  knows  by  test  that  they 
will  give  faithful  and  enduring  performance  and  meet  all 
the  requirements  of  the  specifications  of  the  Underwriters' 
Laboratories. 

Because  their  Production  Department  finds  that  they  have 
those  qualities  essential  for  quick  installation  and  come 
packed  in  such  manner  as  to  assure  maximum  ease  in 
handling. 

Because  their  PURCHASING  Department  realizes  that  these 
Quality  Products,  backed  by  dependable  service,  are 
sold  at  prices  that  spell  true  economy  .  .  . 


CORNISH  VffitE  CO. 

15  Park  Row  •  New  York  City, 
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No.  33302  socket,  designed  for  the 
midget  hermetically-sealed  CRT 
crystal,  is  made  of  steatite  and  its 
contacts  are  silver-plated  phosphor 
bronze.  Pin  spstcing,  center  to  cen¬ 
ter,  is  0.5,  and  pin  diameter,  0.05  in. 

Pickup  Arm  (48) 

BARBER  AND  HOWARD,  East  Ave., 
Westerly,  R.  I.  Model  G.  1  pickup 
arm  is  designed  for  use  with  the 
GE  variable  reluctance  cartridge. 


Courtesy  SANOEl  Mfg.  Co.,  makers  of  Fluorescent  lamps 


Oscilloscope  Recorder  (49) 

Electrodyne  Co.,  899  Boylston  St., 
Boston  15,  Mass.  Custom-built  re¬ 
corders  for  ionosphere  or  teleme¬ 
tering  research  can  be  fabricated 


The  arm  is  fabricated  from  alumi¬ 
num  and  has  a  stylus  pressure  of 
approximately  24  grams  with  car¬ 
tridge  installed.  The  head  is  remov¬ 
able. 


••  w«»f'***  imfcb*"** 


■roi»»**®TOH, 


AROTRER 
SPECIAL  BY 
PROBRESSIVE 


TRACING  CLOTH 

s 

for 

HARD  PENCILS 


NEW/  THE  CB  MODEL  182A 

AUDIOMATIC  GENERATOR 

Attfomafle  Beof  Fn^wncy  Principle 

Th*  cnnpUta  ir*qii«nc7 
chcgactwtotici  cil  a  gloncs 
OB  yoni  protent  oscUlo* 
grophi 

EUBiiBCrtM  hand  plotthig 
for  transiormors,  amplifl- 
on.  Bhon,  balanced  dr- 
cnitn.  olc. 

Slow  iweep  rote  of  5  to 
8  leconda  Included  for 
■peoker  testing;  bond 
"cronklBg"  of  frequency 
dial  is  eUminated.  Dividing  speaker  network  with  400C.  crossover. 

A  BEAL  TIME  SAVER! 

Write  for  full  description 
and  details. 


•  Imperial  Pencil  Tracing  Cloth  has  the 
same  superbly  uniform  cloth  foundation 
and  transparency  as  the  world  famous 
Imperial  Tracing  Cloth.  But  it  is  distin¬ 
guished  by  its  special  dull  drawing  sur¬ 
face,  on  which  hard  pencils  can  be  used, 
giving  clean,  sharp,  opaque,  non-smudg¬ 
ing  lines. 

Erasures  are  made  easily,  without 
damage.  It  gives  sharp,  contrasting 
prints  of  the  finest  lines.  It  resists  the 
effects  of  time  and  wear,  and  does  not 
become  brittle  or  opaque. 

Imperial  Pencil  Tracing  Cloth  is  right 
for  ink  drawings  as  well. 


The  CLOUGH  BRENGLE  CO. 


6016  Broadway 


Chicago  40,  III. 
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new  products  (continuad) 

jested  uses,  which  may  not  be 
immediately  apparent,  and  further 
technical  information  are  available. 


IVlicrophone  Multipliers  (51) 

Massa  Laboratories,  Inc.,  8868 
Carnegie  Ave.,  Cleveland  16,  Ohio. 
Multipliers  for  extending  the  dy¬ 
namic  range  of  sound-pressure 
measurement  equipment  are  in¬ 
serted  between  the  M-101  micro¬ 
phone  and  the  M-109  socket,  as  il¬ 
lustrated.  Two  units  are  available 


both  extending  range  from  20,000 
dynes  per  square  centimeter  up  to 
200,000  dynes  per  square  centi¬ 
meter,  but  for  different  frequency 
ranges. 


Thermistor  Bridge  (52) 

Sylvania  Electric  Products  Inc., 
500  Fifth  Ave„  New  York  18,  N.  Y. 
Two  new  thermistor  bridges,  types 
TBN-7SE  and  TBN-6SE  provide  r-f 


power  measurements  up  to  two  mil¬ 
liwatts  at  frequencies  in  the  shorter 
microwave  region.  Good  accuracy  is 
provided  up  to  this  power  level.  Fur¬ 
ther  information  is  available. 


Quick-Heatiug  Thyratron  (53) 

National  Electronics,  Inc.,  Ba¬ 
tavia  Ave.,  Geneva,  Ill.  The  NL-714 
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DETAILED  EXAMINATION 
OF  CONTINUOUS  FILM 

The  AVIMO  Film  Assessor 
has  been  designed  for  the 
projection  of  35mm  or 
16mm  Film  of  Oscillo¬ 
graph  Traces  or  other 
phenomena.  Frames  ore 
projected  singly  or  con¬ 
tinuously  on  to  on  opti¬ 
cally  flat  surface  and 
magnification  is  from  zl2 
to  z36.  Projection  of  suc¬ 
cessive  frames  is  accurate 
to  within  zb  .04"  at  maxi¬ 
mum  enlargement. 


AVIMO  Continuous  filnt 
Recording  Cameras  provide 
permandnt  records  df  oscillo* 
graph  traces. 


SmiB* 


AVIMO  Ltd.,  TAUNTON 

(Eng.)  T«l.  M34 

Designers  and  Manufacturers  of 
Scientific  Cameras 


More  than  14  years 
of  know-how  and 
experience  in  every 

PYROFERRIC 
A  IRON  CORE 

1^^  Pyroferric  Iron  Cores  were  first 
made  in  1933  and  the  experience 
and  know-how  gained  in  each  suc- 
ceeding  year  are  inherent  in  every 
powdered  iron  product  today  pro- 
'  duced  by  the  Pyroferric  Company, 
including:  a  full  line  of  standard 
sized  Powdered*  iron  Screw-Type 
Cores  of  varying  lengths,  with 
standard  threads,  as  well  as  a  com¬ 
plete  line  of  powdered  iron  cores, 
with  and  without  inserts. 

For  Powdered  Iron  Cores  to  meet  your  specifica¬ 
tions,  address  your  inquiry  to 

Pyroferric  Go. 

621  East  216  Street,  New  York  City  67 


See  these  recent 
McGraw-Hill  _ 
books  'freV 


S^^nlS 


.  PRINCIPLES  OF  RADAR 

■y  Members  et  tbe  Staff  of  tke 
Radar  School,  Massaebesetts  iRstitate 
of  Teehoology 

870  Pages,  6  x  9,  563  illustrations.  55.00 
Orimnaify  prepared  for  use  in  the  basic  portion! 
of  the  war  training  courses  in  principles  of  radar 
which  were  given  for  the  Armed  Forces  at  tht 
Radar  School  of  the  Massachusetts  Institute  of 
Technology.  The  revised  edition  contains  a  brief 
description  of  the  components  and  functions  of 
radar  systems  and  detailed  discussion  of  _  typical 
system  components.  Expositions  of  circuits  and 
devices  provide  an  unusual  combination  of  tech¬ 
nically  thorough  and  accurate  treatments  with 
minimum  dependence  upon  mathematics. 

PIEZOELECTRICITY 

An  Introdnetion  to  th*  Thaory  and 
Applieationft  of  Eloctromachanical 
Phenomana  In  Crystals, 
fy  Walter  GiiyfoB  Cady, 

Professor  of  Physics,  Wesleyan  University, 
International  Series  in  Pure  and  Applied 
Physics.  806  pages,  55<  x  8)4,  168  illustra¬ 
tions,  $9.00 

In  this  important  text  the  author^  presents  a 
comprehensive  treatise  on  the  entire  field  of 
piezoelectricity,  including  related  areas  of  elasticity, 
dielectrics,  optics,  and_  magnetism.  Beginning 
with  fundamental  principles,  the  book  covers  all 
aspects  of  piezoelectric  theory  and  its  principal 
applications.  A  unified  account  is  given  of  experi¬ 
mental  results,  with  many  formulas,  numerical 
data  and  an  extensive  bibliography, 

APPLIED  MATHEMATICS 
FOR  RADIO  AND 
COMMUNICATION  ENGINEERS 

By  Carl  E.  Smith, 

Development  and  Research  Engineer,  United 
Broadcasting  Company,  Cleveland;  President, 
Smith  Practical  Radio  Institute,  Geveland. 
336  pages,  554  x  854,  97  figures,  20  tables 
and  charts,  $3.50 

Clear,  simple  presentation  of  the  principles  of 
mathematics  used  in  radio  and  communication 
engineering,  from  arithmetic  through  calculus. 
May  be_  used  for  home  study  by  radio  and  com¬ 
munication  men.  Theory  is  developed  inductively 
from  the  simple  to  the  detailed  concepts,  then 
followed  by  useful  design  eouations  and  practice 
examples,  with  answers  at  the  back  of  the  book. 
Includes  a  simple  treatment  of  calculus,  and  a 
chapter  on  Series  and  Wave  Forms. 

See  them  10  days  FREE  •  Mail  Cevpen 

MeGraw.HIII  Book  Comsany, 

330  W.  42nd  St.,  NYC  18 

Send  me  the  books  checked  below  for  10  days'  examina¬ 
tion  on  spproTsl.  In  10  days  I  will  sand  remlttsni'e. 
plus  few  cents  postage,  or  return  books  postpaid.  (Postait 
paid  on  rash  orders.) 

□  M.I.T.  Radar  School  Staff — Prlnslples  of  Radar, 

$s.oo 

Ready — Piezoelectricity,  $*.00 

Smith — Applied  Hathematlca  for  Radio  and  Com¬ 
munication  Engineers.  $3.50 

Name  . 

Address  . 

City  and  State . 

Company  . 

Position  . I.-11-47 

(For  Canadian  price,  write  McGraw-Hill  Co.  of 
Canada  Ltd.,  12  Richmond  Stroet  E.,  Toronto,  I.) 
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is  a  quick-heating  industrial  thyra- 
tron  designed  especially  for  timing 
<ontrol  and  regulated  rectifier  ap¬ 
plications.  It  is  gas  and  mercury 
filled  for  quick  starting  and  con¬ 
stancy  of  characteristics  within 
wide  temperature  limits.  A  loose- 
leaf  sheet  gives  complete  technical 
information. 


I 


A  twenty  year 

eadership 


in  radiation  measuring 
instruments  and  components 


Television  Coil  Kit 

I  Ray-Lectron  Co.,  Belmar,  N.'J.  A 
television  coil  kit  and  instruction 
book  make  it  possible  for  the  ama¬ 
teur  or  experimenter  to  build  his 
own  television  receiver  for  about 
$125.  Kit  and  manual  are  $23.50. 

Miniature  Receiving  ^ 
Tubes 

General  Electric  Co.,  Syracuse, 
N.  Y.  Three  new  9-pin  miniature 
tubes  recently  developed  are  the 
types  6T8,  19T8,  and  12 ATT.  The 
latter  is  a  twin-triode  for  use  as  a 
grounded-grid  r-f  amplifier  or  con¬ 
verter  at  frequencies  below  300  me. 


Both  the  triple-diode  triodes  con¬ 
tain  three  high-perveance  diodes 
and  a  high-mu  triode  in  the  same 
envelope.  They  are  designed  as 
combined  a-m  and  f-m  detectors 
and  audio-frequency  amplifiers. 

Industrial  Heating  Tube  ^*^6) 

Federal  Telephone  and  Radio 
CoRP.,  Clifton,  N.  J.  Type  7C25,  a 
2,500-watt  oscillating  tube,  is  de¬ 
signed  for  use  in  dielectric  heating, 
i  Two  tubes  in  a  coupled  circuit  will 

I  give  a  power  output  of  4i  to  5  kw 

at  frequencies  up  to  50  me.  Com- 


which  make  good  instruments 
-  superfine  - 

Radiation  measuring  instruments 
Alpha,  Beta  and  Gamma  counters 
Laboratory  and  portable  models 
F^ield  survey  instruments 

Multi-range  radiation  detectors 
Minometers  and  calibrated 
pocket  chambers 
Proteximeters 


Superfine  Components 


Th«  VX-A  larlts  of  tub- 
miniaturo  alactromatar 
tubas  now  incorporata 
a  naw  low  microphonic 
faatura  to  add  to  the 
already  outstandinq 
charactarittici  of  these 
tubas  such  as  filament 
currant  of  10  ma.  and 
qrld  raslstanca  of  1015 
ohms  minimum.  Da- 
tlgnad  for  instrumen¬ 
tation  where  perform¬ 
ance  is  exacting  and 
especially  in  many 
types  of  radiation 
measuring  instruments 
their  need  it  vital. 
Available  alto  at  di¬ 
odes,  triodes  and 
tetrodes. 


The  V6  series  of  mica  window  Geiger  tubas 
have  won  acceptance  and  demand  due  to 
their  uniform  characteristics  for  exacting 
laboratory  requirements.  They  are  now  avail¬ 
able  in  window  thicknesses  from  2.0  to  3.2 
mgm.  par  square  cm.  Plateau  length  it  at 
least  200  volts  with  slope  last  than  5  per 
cent  par  100  volts.  Individually  tested  and 
checked  under  close  production  controls. 


The  VXR  130  submini- 
atura  gaseous  voltage 
regulator  tube  pro¬ 
vides  a  tuba  of  unusual 
stable  voltage  regula¬ 
tion  whore  such  regu¬ 
lation  must  be  main¬ 
tained  over  a  long 
period  of  time.  The 
compact  size  lends  it¬ 
self  to  many  unique 
applications  and  com¬ 
binations.  Regulation 
it  at  130  volts  over  an 
operating  range  of  1.0 
to  2.5  ma. 


Victoraen  hi-megohm  resistors  have  made  possible 
many  circuit  innovations  due  to  their  unusual  range. 
They  fill  an  urgent  need  in  the  development  and 
production  of  many  fine  Instruments.  Available  in 
a  range  from  100  megohms  to  10,000,000  megohms. 
Vacuum  sealed  in  glass  with  special  surface  treatment. 


THE  VKTOREEN  INSTRUMENT  CO. 
5806  HOUGH  AVENUE 
CLEVELAND  3.  OHIO 
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10039 


Nos.  10035  and  10039 
Multi-Scale  Dials 


A  pair  of  truly  "Dotignod  for  Application" 
conlroli.  Largo  panol  stylo  dial  hat  12  to  1 
ratio;  tiio,  tW"  x  6V^".  Small  No.  10039  hot 
t  to  1  ratio;  six#,  4"  x  3V*",  Both  aro  of  com- 
tmct  mochanical  dosign,  oaty  to  mount  and 
hovo  totally  solf-containod  mochanitm,  thus 
otimlnotlng  back  of  panol  Intorforonco.  Pro* 
vision  for  mounting  and  marking  auxiliary 
controls,  such  at  switchos,  potonNomotars,  otc., 
providod  on  tho  No.  1003S.  Standard  finish. 


IMOUStWAi 


VtCNMiCAi 


NEW  PRODUCTS  (confinuod) 

plete  technical  data,  with  dimen¬ 
sional  diagram  and  graphs,  are 
given  in  a  4-page  folder. 


JAMES  MILLEN 
MFG.  CO.,  INC. 


MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


PRECISIOM- 
F ABRICATED 


Machine  Protector 


The  Brinnell  Co.,  Granby,  Conn., 
manufactures  the  Protectron,  an 
electronic  device  for  use  in  con¬ 
junction  with  an  electric  motor- 


•  t 

. : .  m-  myrlwtii 

driven  machine  to  trip  at  any  pre¬ 
set  mechanical  load  increase  above 
normal.  It  is  available  for  220  and 
440  volt  60-cycle  motors  in  two  mod¬ 
els;  for  operating  current  of  1  to 
5  amperes  and  6  to  10  amperes. 


•im«r  flol  plocK  ort  mptal 


QUALITY  and  SERVICE 
AT  A  PRICE 
THAT’S  RIGHT 


VHFXtal 


Bliley  Electric  Co.,  Erie,  Pa.  A 
crystal  controlled  oscillator  unit 
CCO  model  2A  is  a  packaged  unit 
for  crystal  control  of  2,  6,  10,  and 


11  meter  transmitters.  A  type 
6AG7  tube  and  AX2  or  AX3  crystals 
are  used.  Send  for  Bulletin  34. 


Years  of  experience  in  fabricating  parts 
and  products  of  plastics  make  Sillcocks- 
Miller  an  ideal  source  for  developing 
practical  and  economical  answers  to 
your  individual  needs. 

These  specialists  in  precision-fabrica¬ 
tion  can  serve  you  in  four  ways:  First,  in 
working  out  your  own  ideas.  Second, 
in  developing  new  ideas  for  you.  Third, 
in  counseling  with  you  on  the  most 
practical  and  economical  methods  of 
fabrication.  Fourth,  in  selecting  the 
plastic  material  best-suited  to  the  job. 
You  couldn't  select  a  more  dependable 
source  for  quality  and  service,  at  a 
price  that's  right. 


Write  for  illestrated  booklet  or  pkoee 
Sooth  Orange  2-6171  for  qnick  oetiee. 


Studio  Pickup  (59) 

Audak  Co.,  500  Fifth  Ave.,  New 
York,  N.  Y.  Model  Studio-81  has 
sufficient  gain  for  most  conventional 


THE  SILLCOCKS-MILIER  CO. 


10  Wm  Ftrlnr  Rmea,  AaplOTMt,  R  k 
HeniH  RMnni  Sm*  OfwgA  R  i 


MiciAiim 
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Turret  lug 


i  Are  you  getting 
m  ALL  the  advantag 
Hthat  PAPER  offer 


1  CENIRAI  PAPER  COMPANYinc 


%  tW-Weame^ 


Iz  Zt  :li 


l  \ 

JIVIJ  ftll  rf  A.  <»«»*’ 

olToW-  Wirt.  Prtc 

win  »»• 

tm,  it-todoy- _ 

SSWHITE 


•  Noiseless  in  operation 

•  Strong  and  durable 

•  Good  performance  in 

all  climates 

STANDARD  RANGE 
1000  ohms  to  10  megohms 
•  NOISE  TESTED  • 

At  slight  additional  cost,  rasistors  in  th# 
Standard  Rang#  am  suppiind  with  aoch 
rnsistor  nois*  tostod  to  thn  following  stand* 
ard:  "For  th*  complntn  andio  frognoncy 
rang*,  rasistor  shall  havn  less  noisa  than 
cormsponds  to  a  change  of  rnsistanen  of 
1  port  in  1,000,000." 

HIGH  VALUES 

15  to  1,000,000  megohms 


THI  S.  S.  WHITf  DiNTAl  MFG.  CO. 


INDUSTRIAL 


DIVISION 


/ 

|0oubl*-ond| 
Lug 


This  graph  shows  frequency  ranges 
covered  by  eoch  unit.  Write  us  for 
your  full-size  copy. 


Five  Standard 
Slug -Tuned 
LS3  Coils  Cover 
to  184  me 

For  strip  amplifier  work,  the 
compact  (Ug"  high  when 
mounted)  Coil  is  ideal. 
Also  for  Alters,  Oscillators, 
Wave-Traps  or  any  purpose 
where  an  adjustable  induct¬ 
ance  is  desired. 

Five  Standard  Windings  — 

1, 5. 10, 30  and  60  megacycle 
coils  cover  inductance 
ranges  between  750  and 
0.065  microhenries. 

CTC  LS3  Coils  are  easy  to 
assemble,  one  hole  is  all 
you  need.  Each  unit  is  du¬ 
rably  varnished  and  sup¬ 
plied  with  required  mount¬ 
ing  hardware. 

SPICIAL  COILS 

CTC  will  custom-engineer 
and  produce  coils  of  almost 
any  size  and  style  of  wind¬ 
ing... to  the  most  particu¬ 
lar  manufacturer’s  specifi¬ 
cations. 


Y'''  t 

C/"  tn/n.ftrn/  Wen-ire 

Custom  fogineertng  .  Standardiz«rd  l^oslgni 
Guoronfved  Moterials  ond  Workmanship 
CAMBRIDGE  THERMIONIC  CORPORATION 
V  457  Concord  Avtnue,  Combfidgc  38,  Moss. 
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PiFT  R.  10  lAST  40tb  ST.,  NiW  YORK  14,  N.  T._ 
PuxiDii  SNAm  •  nfxtiu  smam  loois  •  aiiccafv  accissoaics 

MULii  CUfflMO  AMO  OtlMOtM^  tOOit  •  »MCIA|  fOtMUlA  IlfXXItt 

moim9  ■ffmon  •  xiastic  vKiAimt  •  comtxaci  nAtnct  MosAim 

Chc  ;4meniceCA  A  AAA  ^•uUuttCai 


f  Central  Engineered  Electrical  Papers  are  among  the  most  versatile 

of  materials.  They  can  be  accurately  controlled  in  thickneu,  porosity,  Ph,  weight 
and  many  other  characteristics.  Central  Electrical  Papers  con  also  be  made  with 
anti-rust  and  onti-tornish  properties  .  .  .  they  can  be  creped  for  easier  wrapping 
around  corners  .  .  .  they  can  be  juted  for  extra  strength  .  .  .  they  con  be  water¬ 
proofed  ...  or  almost  any  combination  of  these  properties  and  special  treatments 
may  be  hod.  Thus  with  Central  Engineered  Electrical  Papers  you  can  hove  many 
combinations  of  physical  ond  electrical  properties  to  suit  exactly  your  particular  design. 
.  The  Central  Paper  Engineer  knows  his  papers  and  is  backed  by  laboratory 
\  facilities  second  to  none  in  the  industry.  Discuss  your  design  problems  with  him. 

He  can  offer  many  helpful  suggestions  on  how  paper  con  help  you  produce 
better  products  at  lower  cost.  His  services  ore  yours  for  the  asking. 


THIS  I  . . 

contains  dota  on  Electricai  Paper  Prepertiet 

and  a  wide  variety  of  samples.  Write  for  yovr  copy  today. 


I 


has 

TRANSCRIPTION 

EQUIPMENT 


GRAY 

Transcription  Arm 

For  your  fovorite  cartridgo,  such  as 
♦ha  naw  GE  Variabla  Ralucfanca. 
Atsuras  optimum  performance; 
gives  smoothest  possible  frequency 
response,  reduces  surface  noise 
ratio,  provides  adjustable  scale  to 
conveniently  regulate  for  ideal  per¬ 
formance  of  the  particular  pickup 
in  use.  Net  . $35.00 


GRAY  Model 
601  Equoliier 


4-position,  standard  broadcast  type, 
250-ohm  impedance;  designed  to 
complement  the  GE  Variable  Re¬ 
luctance  cartridge  mounted  in  a 
Gray  Transcription  Arm.  Not 

$42.50 


ALTEC  LANSING 
A-420  Pre-Amplifier 

High  gain,  low  noise  level  pre- 
plifler  for  use  where  high  qui 
amplification  is  desired. 


ALTEC  LANSING 
604  Duplex  Speaker 

Combining  high  and  low  frequency 
units  in  one  horn.  Range:  50  to 
50,000  cycles. 


ALTEC  LANSING 
A-255  Amplifier 

High  quality  recording  amplifier  in¬ 
tended  primarily  for  disc  recording. 
Full  power  at  frequencies  up  to 
10,000.  40  watts — 55  db.  gain. 


TeUphone: 


LO.  3-1800 


NEW  PRODUCTS  (continued) 

amplifiers,  small  dynamic  mass  and 
linear  response  to  better  than  10 
kc.  Point  pressure  is  14  grams. 


...the  GRAY 

TRANSCRIPTION  ARM 


Ventilating  Device  (60) 

Small  Motors,  Inc.,  2076  Elston 
Ave.,  Chicago,  Ill.,  has  developed 
the  B-2  blower  for  ventilating  and 


is  receiving  nation-wide  acclaim! 

Meets  the  rritiral  requirements  of 
romplianre  reprodurers  and  is  designed  to 
arrommodate  all  modern  cartridges— (.en- 
eral  Electric,  Pickering,  etc.  Less  cartridge 
$35.00. 

Ask  these  Authorities: 

HOWARD  A.  CHINN,  Chiaf  Audio  Engineer, 
Columbia  Broodcosling  System. 

JOHN  D.  COLVIN,  Audio  Facilities,  Amer¬ 
ican  Broadcasting  Company. 

WAA  S.  BACHA4AN,  Designer  of  G.E.  Vario- 
ble  Reluctance  Cartridge. 

AAAJOR  PAUL  W.  KLIPSCH,  Designer  of  the 
Klipschorn. 

NORAAAN  C.  PICKERING,  Pres,  and  Research 
Engineer,  Pickering  products. 

And  personnel  of  progressive  radio  stations 
who  have  had  an  opportunity  to  install  and 
test  this  equipment. 


cooling  electronic  tubes,  projectors 
and  other  units.  It  operates  on  110 
volts,  a-c  and  d-c. 


Dual  Channel  (61) 

Oscilloscope 

Electronic  Tube  Corp.,  1200  E. 
Mermaid  Ave.,  Philadelphia  18,  Pa. 
Model  E-2G15  dual  channel  oscillo¬ 
scope  comprises  two  separate  chan¬ 
nels  operating  into  a  single  dual-gun 


For  Radio  ^ 
Station  Use- 

Sperially  designed  for  use  with  the  G.E. 
\  ariahle  Relui-tanre  Cartridge.  Matches  the 
pick-up  to  a  250  ohm  microphone  channel; 
hus  been  adopted  by  radio  networks.  Com¬ 
plete  $42.50. 

Gray  Recording  &  Transcription  Table 


cathode  ray  tube.  Provisions  are 
made  for  various  connections  to  in¬ 
crease  the  versatility  of  the  instru¬ 
ment.  Further  details,  including 
price,  are  available  in  mimeo¬ 
graphed  form  from  the  manufac¬ 
turer. 


Now  in  production.  Highly  perfected,  exclu¬ 
sive  design,  synchronous  direct  gear  drive. 
Extreme  accuracy  of  motion,  exact  speed, 
finest  table  made,  yet  priced  within  reach 
of  all.  Simple,  rugged  construction  for  con¬ 
tinuous  operation. 

If  you  have  not  obtained  your  copy, 
write  for  BULLETIN  A10-BI0 


Twin  Diode  (62) 

Hytron  Radio  &  Electronics 
CkJRP.,  Salem,  Mass.  Type  12AL5 
twin  diode  is  intended  for  use  as  a 
detector  in  circuits  utilizing  wide¬ 
band  amplifiers.  It  can  be  used  as 
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cooled,  it  doesn't  crack,  pool,  flake.  Yes, 
GREENOHMS  can  take  it.  They're  tough. 

Other  GREENOHM  adeantages  ore:  Excel¬ 
lent  heat-shock  qualities.  Minimum  through- 
coating  leakage.  Wire  winding  unimpaired 
in  manufacture.  No  wire  corrosion  because 


yf'Ucmtmck 

■  '  fa  AND  RP  POWER  MONITOR 

MODEL  MM  200 

MORE  POWER  WITH  SAME  TRANSMITTER  AND  ANTENNA 


POK 

FM 

TELEVISION 
INDUSTRIAL 
HEATING  * 
OR  ANT 
TRANS¬ 
MITTER 
WITHIN 
20-122  Me 


With  transmitter,  operating,  Micro- 
match  continuously  and  simultaneously 
measures  standing  wave  ratio  and  actual 
r.f.  power  output. 

Permits  antenna  or  load  adjustment 
for  perfect  match  to  transmission  line — 
minimizing  power  loss  and  improving 
loading. 

Permits  control  of  heating  processes 
for  uniformity  in  industrial  heating^  appli¬ 
cations. 

Price  complete  $150 


MM  200  Specifications 
Frequency  Range  20  to  122  MC 
Power  up  to  4.0  KW 
Impedance  51.5  Ohms 
Connectors  I  Vg  inch  coaxial  line 
Wattmeter  scale  0  to  0.4,  1.2  and 
4.0  KW 

Write  tor  complete  feformatloe  oe 
the  MM200  and  models  tor  other 
oppllcotloRS. 


M.  C.  JONES  ELECTRONICS  COMPANY 


BRISTOL.  CONNECTICUT 


Distributed  outside  continental  U.S.A.  by  RCA  International  Division  Radio  Corpwation  of  Amoriea. 


New  Standards  of  Performance 


and  Service  in  Relays? 


if  Here's  a  GREENOHM  on  500%  overload. 
It's  hot  enough  to  light  a  cigarette.  Yet  its 
special  cold-setting  inorganic  cement  coat- 
v..s.wi>  ...  wk>« 


Levinoni  aws  noi  couiuin  ubuui  wuive  ^iu»9o 

Paed  and  adjustable  types;  5  to  200  wotts; 
standard  resistance  values. 

if  Get  the  Facts! 

Copy  oi  "Why  Cement-Coated  Power  Besistors?" 
sent  on  request  Also  Engineering  Bulletin  No. 
113.  Send  us  your  resistance  requirements. 


Uutosm  MFC.  CO..  Ik.  •  285^7  N.Oti  St.,  BrooUya.  N,t 


TYPE  3QA 


TYPE  22QA 


TYPE  27QA 


The  variable  "built-in"  features  of  all  Phil-trol  Re¬ 
lays  makes  it  possible  for  us  to  supply  you  with 
engineered  units  designed  to  expressly  meet  your 
relay  requirements.  Adaptability  oi  coil  and  con¬ 
tact  arrangements  means  you  receive  the  equivalent 
of  "custom-built"  relays— but  at  mass  production 
prices. 

Various  special  features  can  be  furnished  to 
specifications,  including  Allegheny  metal  parts,  spe¬ 
cial  bearings,  anti-vibration  equipment,  special  in¬ 
sulation  and  impregnation. 

phil-trol  relays  are  engineered  to  the  highest 
standards  insuring  top  quality  ior  lifs-long  service 
and  performance.  Continuous  research  by  Phillips' 
engineers  parallels  our  efiorts  to  supply  the  widely 
expanding  electrical  and  electronic  market  with  the 
most  efficient  and  dependable  designs  possible. 

It  will  pay  you  to  investigate  the  Phil-trol  line 
before  your  next  relay  order.  We  shall  be  glad  to 
discuss  your  relay  problems,  no  matter  how  small 
or  large,  with  no  obligation  to  you. 


or  large,  with  no  obligation  to  you. 

eompletelv  diiserlbina  Phil-trol  Actuators 


A  NEW  CATALOG 

completely  diserlbins 
and  illostratins  the 
Phil-trol  line  of  relays 
is  availahle  without 
obligation.  Send  for 
yoor  copy  today. 


Actuo!  pull  tests  show  thot  Phil-trol 
Actuator,  develop  greoter  power 
than  ordinary  solenoids  of  the  solid 
frame  type.  Available  in  flve  stand¬ 
ard  sizes  or  we'll  design  to  speci¬ 
fications.  SEND  FOR  NEW  BULLETIN 


TYPE  23QA 


RELAYS, 

actuators, 

^  SOLENOIDS, 

CONTACTORS,  STARTING  SWITCHES,  FOCUS  COILS.  ION 
TRAPS  AND  SPEOAL  PROCESS  CONTROL  ASSEMBLIES 


PHILLIPS  CONTROL  CORP.  •  612  N.  Michigan  Ave.,  Chicago  11,  III. 

PlANTi  JoHef,  IH.  SAUS  OFHCES:  Now  Yodi,  Botlon,  Phlledelphle,  CkorloHe,  Si.  Louis  Kenses  City,  Los  Angeles 


ELLCTRONICS  — November,  1947 


237 


BROOK  ELECTRONICS,  Int.,  34  DeHart  Place,  Elizabeth  2,  N.  J 


NEW  PRODUCTS 


Western  Electric 

757 Hi  LOUDSPEAKER 


a  discriminator,  ratio  or  diode  de¬ 
tector,  avc.  diode,  clipper,  or  low- 
power  rectifier.  Each  set  of  ele¬ 
ments  can  be  used  independently  of 
the  other  and  each  has  a  resonant 
frequency  of  about  700  megacycles. 


With  uniform  response  from  60 
right  up  to  15,000  cycles— a  90  de¬ 
gree  coverage  angle — power  han¬ 
dling  capacity  of  30  watts — this  is 
THE  speaker  where  highest  quality 
in  sound  reproduction  is  a  must! 

The  757A  is  just  one  of  the  com¬ 


plete  line  of  new  high  quality 
speakers  —  from  8  to  120  watts  — 
developed  by  Bell  Laboratories  and 
made  by  Western  Electric. 

For  full  details,  write  today  to 
Graybar  Electric  Co.,  420  Lexing¬ 
ton  Ave.,  New  York  17,  N.  Y. — or... 


Equalizer 

A.  F.  Smuckler  &  Co.,  338  East 
23rd  St.,  New  York  10,  N.  Y.  The 
Afsco  equalizer  type  200X-1B  was 
described  in  item  2,  New  Products 
department,  of  the  October  issue  of 
ELECTRONICS.  Both  the  trade 
and 


GraybaR 


ASK  YOUR  LOCAL 


BROADCAST  REPRESENTATIVE 


company  names  were  mis¬ 
spelled. 

Literature _ 

(63) 

Monochromators.  Farrand  Opti¬ 
cal  Co.,  Inc.,  Bronx  Blvd.  &  E. 
238th  St.,  New  York  66,  N.  Y.  Bul¬ 
letin  801  covers  the  design,  opera¬ 
tion,  and  performance  of  a  mono¬ 
chromator  for  research  in  the  ul¬ 
traviolet  spectral  region. 


Without 

Distortion 


--clearly  beyond  com 
parison  in  the  field  o 
reproduced  sound. 


Examine  These  Features 

-A-Plat  within  0.2  db  from  20  to  20.000  cycles 
at  nominal  output.  Within  1.5  db  at  full 
power  output  of  30  watts.  Down  1  db  at  4 
cycles  at  1  watt. 

WOnly  0.6*4  harmonic  distortion  and  0.2*4 
intermodulation  distortion  at  5  watts.  Total 
distortion  under  2’^%  at  30  watts. 

'A'llve  Stages— Last  three  push-pull. 

WNoiso  lovol  70  db  below  full  output. 

WAutemotlc  Bias  Control. 

'A'Calibratod  Boss  and  Treble  Compensation. 
Tapped  Multi-Stage  R-C  network. 

-A-AII  transformers  completely  free  from  satu¬ 
ration  or  leakage  reactance  effects  from 
25  to  20,000  cycles. 

'A'Gain— 55  to  120  db  in  various  models. 

'^’Output— 1.5  to  30  ohms  and  500  ohms. 

-A^Powor  available  for  External  Tuner  — 250 
volts  at  90  mils  and  6.6  volts  at  5  amps. 


(64) 

Special  Oscilloscope.  Allen  B.  Du¬ 
Mont  Laboratories,  Inc.,  1000  Main 
Ave.,  Clifton,  N.  J.  Type  256-D 
cathode-ray  oscilloscope  is  an  out¬ 
growth  of  the  MIT  Radiation  Lab¬ 
oratory  type  256-B  A/R  range 
scope.  The  new  commercial  equip¬ 
ment  has  delay  dial  and  markers 
calibrated  in  terms  of  micro¬ 
seconds.  Characteristics  available 
in  printed  form, 

(65) 

Antenna  Rotator.  Gordon  Special¬ 
ties  Co.,  542  So.  Dearborn  St.,  Chi¬ 
cago  5,  Ill.,  has  an  attractive  two- 
color  folder  showing  a  line  of 
equipment  suitable  for  construc¬ 
tion  or  erection  of  rotary  antenna 


The  Brook  High  Quality 
Triode  Amplifier  surpasses  every 
requirement  of  the  most  exacting 
application.  Its  wide  frequency  and 
dynamic  ranges— freedom  of  distor¬ 
tion— and  stability  of  characteristics 
from  zero  to  maximum  output  of  30 
watts  —  have  never  before  been 
achieved  except  under  controlled 
laboratory  conditions. 

All  models  of  the  Brook 
Amplifier  are  available  for  rack  or 
table  mounting.  Full  technical  in¬ 
formation  will  be  mailed  at  your 
rctmest,  without  obligation.  Write 
today! 


^  High  Quality  Audio  Amplifier 

Designed  by  Lincoln  Walsh 
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PHOTO  ELECTRIC 
CELLS 


Reduce  Production  Costs 

Bradley  Luxtron*  photocells  im¬ 
prove  control  over  manufacturing 
operations,  reducing  your  costs. 
They  meet  the  most  exacting  re¬ 
quirements.  Advanced  manufac¬ 
turing  techniques  make  light- 
actuated  Bradley  cells  the  choice 
all  over  the  world. 

Luxtron  photocells  convert  light 
directly  into  electrical  energy.  No 
external  source  of  voltage  is  re¬ 
quired.  Besides  the  housed  model 
shown  with  its  plug-in  contacts, 
Bradley  also  offers  tube  socket, 
nut-and-bolt  types  and  pigtail 
contact  mountings.  In  addition, 
Luxtron  unmounted  cells  are 
available  in  many  different  sizes 
ond  shapes. 

*t.  M.  IICG.  U.  S.  — r  OM. 


Illustrated  literature, 
available  on  request, 
shows  more  models  of 
Bradley  photocells,  plus 
a  line  of  copper  oxide 
and  selenium  rectifiers. 
Write  for  "The  Bradley 


BRADLEY 

LABORATORIES,  INC. 

82  Meadow  St.  New  Haven  10,  Conn 


or  tho  rate 
of  engine  flame 
propagation 


57^ 

ISIZBS 


TOP  D€AD 

center! 


Seeing  now  made 
possible  by  remark¬ 
able  new  electronic 
f natures,  embodied  in 


1/1 000 
SiCONPS 
NR  IHCM 


PRESSUREGRAPH  with  Syncro-Markei 


Roproducot  on  oacihogroph  ■ero«n,  accu- 
rato  picturo  of  proMurM  during  and  aitor 
•xplotion,  rolatM  proMuro  variations  to 
timo,  top  doad  contor,  angular  Tolocity, 
otc.  Also  accurats  tracing  of  rato’of  neons 
propagation  with  rslation  to  top  dsad  con- 
tor  and  psok  prsssurs.  Sss  prsssurs-tims 
charactsristics  oi  automotivs.  Jot  and  Dis- 
ssl  snginss,  also  compressors,  pumps,  etc. 
Opsrotss  over  range  from  static  up  to 
10,000  cycles  at  pressures  from  0  to  10,000 
lbs. 


Angular  Syn<  frauurograph  Syncro-Morkar  OKiNogroph 

Send  for  doscrlpfioo  and  fall  aaglaaarlag  data. 

ELECTRO  PRODUCTS  LABORATORIES 

549  W.  Randolph  St.,  Chicago  6,  III.  Phone  ST  ate  7444 


For  commercial  eperoNon 
where  finest  qwedity  is  de¬ 
sired,  use  FAMA-FLVX 
HEFHOBFCEmS, 


The  new  RMC  CARTRIDGE 
ARM  with  Plug-in  Head  Shell  en¬ 
ables  you  to  plug  in  any  pick-up 
cartridge.  Your  cartridges  can  be  mount¬ 
ed  in  RMC  Head  Shells  thereby  providing 
instantaneous  plug-in  change. 

RMC  CARTRIDGE  ARM  advantages: 

A  superior  tone  arm  at  a  moderate  price  .  .  . 

V  precision  die-cost  .  .  .  variable  head  pressure 

V  ...  friction-free  (less  friction  than  con  be  hod 
with  boll  bearings)  .  .  .  tangential  tracking 

eroNon  (less  than  V2  degree  tracking  error)  .  .  .  suit- 
is  de-  able  for  1 2'  or  1 6*  tables. 

FAI/X  Ll**  prices:  RMC  Cartridge  Arm,  including  ette  Head 
Shell  $35.00.  Spare  Head  Shell  $5.00  eoch. 

Avoifoblp  through  yovr  loco/ iobber.  Write  ferCortridge  Am  aUfetin  CAS. 

Export:  Rock*  Intematienoi  Corporation,  13  East  40lh  St.,  Now  York  16,  N.  Y 
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AND  BETTER  THAR.EVER 
BECAISE  IT’S  STEATITE! 


It's  good  news  that  the  popular 
JOHNSON  135-24  Stand  Off  In- 
sulator  is  again  available  —  good 
news,  too,  that  it  is  now  made  of 
STEATITE! 

STEATITE,  a  highly  efficient  insu¬ 
lating  material,  superior  in  every 
respect  to  porcelain,  is  now  also 
being  used  in  the  manufacture  of 
several  other  standard  JOHNSON 
insulators! 

Why  is  STEATITE  better?  Because 
its  dielectric  losses  are  but  a  frac¬ 
tion  of  that  of  porcelain! 

While  STEATITE  assures  lower  loss 
insulation  at  any  frequency,  it  is 
outstandingly,  efficient  on  tne  high 
frequencies.  There  is  only  a  slight 
increase  in  price  for  JOHNSON 
insulators  of  STEATITE. 

Available,  in  addition  to  the  popu¬ 
lar  JOHNSON  135-24  Stand  Off 
Insulator  shown  above,  are  the  fol¬ 
lowing  JOHNSON  insulators: 


I 


V”jOHNSO 

tUUKC  Ck 


E.  F.  JOHNSON  CO.  WASECA,  MINN 


EI-ECI  I 


doth  bound, 


320  pogot 


MEMO  to  Chief  Eegieeert  A  Research  Directors 

Your  laboratory  needs  these 
Idea-stimulating,  time-sav¬ 
ing,  Indispensable  references, 

1 946  Supplement  Edition 
ELECTRONIC  ENGINEERING 

MASTER  INDEX,  1946 

This  supplement  to  the  definitive  1925-1945  edition  of 
the  Master  Index  covers  the  period  from  July  1945  to 
December  1946.  Contains  over  7000  biblioerophicol  en¬ 
tries  from  85  American  and  foreign  periodicals  grouped 
under  more  than  400  subject  headings  ranging  over  fields 
of  communication,  broadcasting,  electronic  applications, 
radar, ‘EM,  television,  etc.  Also  contains  comprehensive 
section  of  abstracts  on  manufacturers'  catalogs. 


Cl  J  CQ  radar,  ‘EM,  television,  etc.  Also 

I  section  of  abstracts  on  monufocl 


Hrst  Compilation  of  Its  Kind!  ELECTRONIC  ENGINEERING 

PATENT  INDEX,  1946 

Presents  o  wealth  of  information  on  more  than  2,000  U.S. 
electronics  patents  issued  during  1946.  Covers  o  wide 
range  of  design,  component,*  and  manufacturing  details. 
Every  potent  lists  inventor,  assignor,  claims  granted,  etc. 
Profusely  illustrated.  Here  in  one  volume  is  the  complete 
compilation  from  52  weekly  issues  of  the  U.S.  Patent  Of¬ 
fice  Gozette.  A  book  indispensable  in  design  and  manu¬ 
facturing  deportments  of  your  organization. 


Cleth  bound,  476  pages 


$1450 


ELEGRONICS  RESEARCH  PUBLISHING  CO. 

2-4  WEST  46th  ST.,  N.  Y.  1 9,  N.  Y. 


;  LIMITED 
I  OFFER! 

I  33V>% 

■  DISCOUNT 

I  allowed  to  in- 

■  dividual  pur- 
B  chaserf  as  ■ 

\  professional 

■  courtesy.  De- 
.■  duct  $4. 13 

,  from  $14.50 
I  price.  This  is  a 
!  limited  offer. 


mUMOSTATK  METAL  TYPE 


PROVIDE  DELAYS  RANGING 
FROM  I  TO  120  SECONDS 

EATURES: — Compenscrted  for  ambient  temperatvure  changes  from 
— 40**  to  110°  F  . . .  Hermetically  sealed:  not  affected  by  altitude,  moisture 
or  othw  climate  changes  .  .  .  Explosion-proof  .  .  .  Octal  radio  base  . .  . 
Compact,  light,  rugged,  inexpensive  .  .  .  Circuits  available:  SPST  Nor¬ 
mally  Open;  SPST  Normally  Closed. 

PROBLEM?  Send  for  "Special  Problem  Sheet"  and  Bulletin. 


13S-20 

135-42 

13S-20J 

135-40  135-42J 

r  35-22 

135-40J  135-44 

13S-22J 

135-50 

1  SEE  THEM  AT  YOUR  JOBBERS! 

New  Catalog  On  Request 

a 


t-  VOLTA~E  F  .4V  '  ■.v;: 

3A  TEPY  6  CHAHGER  [  VOLTAGE  VARIES 
- *  VARIES  APPROX  .  .SLY 

50%  2% 


Ampehte  REGULATORS  are  the  simplest,  lightest,  cheapest,  cmd  most  compoct  method 
ci  obtaining  current  or  voltage  regulation  .  .  .  For  currents  of  .060  to  8.0  Amps  .  .  . 

Hermeticcdly  seole^*  not  affected  by  altitude,  ambient  temperature,  humidity. 
Write  for  4-page  Illustrated  Bulletin. 


MPEftnC  CO.,  561  Broadway,  New  York  12  ,  N.  Y. 

In  Canada.  Allas  Radio  Corp..  Ltd.,  560  King  St..  W.  Toronto 
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NEW  PRODUCTS  (continued) 

beams  for  transmitting  or  receiv¬ 
ing  on  the  higher  frequencies. 

(66) 

Picture  Tube.  Sylvania  Electric 
Products  Inc.,  Emporium,  Pa. 
Specifications  sheets  on  the  7-inch 
picture  tubes  7GP1  and  7GP4  have 
recently  been  issued. 


Film  Recorders.  The  Electrodyne 
Co.,  899  Boylston  St.,  Boston  15, 
Mass.  A  three-page  mimeo¬ 
graphed  publication  lists  types  of 
moving  film  or  paper  recorders  for 
oscilloscopes. 


PARTNERS 
IN  TIME! 


Extrusion  Devices.  Industrial 
Ovens,  Inc.,  13825  Triskett  Road, 
Cleveland,  Ohio.  Those  interested 
in  the  fabrication  of  thermoplastic 
insulated  wire,  cable,  and  tubings 
will  find  a  recent  12-page  illus¬ 
trated  brochure  of  use.  It  des¬ 
cribes  continuous  takeup  devices. 

(69) 

Amplifiers.  R.  W.  Neill  Co.,  1811 
Carroll  Ave.,  Chicago  12,  Ill.  Model 
710-A  way-station  amplifier  de¬ 
signed  for  amplification  of  low 
level  signals  or  voice  from  tele¬ 
phone  transmission  lines  to  loud¬ 
speaker  volume. 


MODEL  161  SCALER 


Suilt-in  high  voltage  supply,  rapid  circuit 
reaction,  reliable  operation  even  with  wide 
variations  of  line  voltage,  facilities  for  timing 
dock  and  external  register,  and  simplicity  of 
operation  make  this  scaler  suitable 

Sfor  use  in  all  types  of  research  or 
^routine  counting  work.  Predetermined 
time  and  count  features  also  available. 


Today,  time  saved  means  more 
than  minutes — ^it  means  markets. 
There's  no  surer  way  to  speed 
production  than  by  the  use  of 
time-saving  tools.  That  Spintite 
wrenches  achieve  this,  is  proved 
by  their  acceptance  on  the 
assembly  lines  oi  the  radio 
industry. 

A  few  simple  twists  oi  the 
screwdriver  type  Spintite  speed 
parts  into  place  with  a  minimum 
of  waste  motion. 

Ranging  in  size  from  3/16"  to 
5/8".  Spintites  are  available  to 
fit  square,  hex.  or  knurled  nuts. 

When  time  is  of  the  essence, 
there's  no  substitute  for  Spintites. 


MODEL 

W  2610 

PORTABLE 
I  COUNT 
^  RATE 
L  ^  METER 


This  radioactivity  survey  meter  is  complete¬ 
ly  self-contained  and  easily  portable.(Weight 
only  9M  lbs.)  Complete  with  meter  and  ear¬ 
phones.  # 

MODEL  3340  ft 

POCKET  METER  K 

Lightweight,  pocket-size  meter  for  H 
recording  the  amount  of  radiation  to  I 
which  its  wearer  has  been  subjected.  B 
Durable  and  not  easily  subject  to  dam-  H 
age.  Extremely  insensitive  to  shock.  H 
Constructed  of  sturdy,  attractive  plastic  H 
material.  R 

ACCESSORIES 

A  complete  line  of  tubes,  quench  circuits, 
counters,  shields,  and  other  accessories  is 
available.  Special  products  can  also  be  monu- 
foctured  to  meet  your  needs.  Write  Dept. 
D  for  catalog  and  other  information. 


Marine  Radar.  Westinghouse 
Electric  Corp.,  P.  0.  Box  868,  Pitts¬ 
burgh  30,  Pa.,  announces  publica¬ 
tion  of  a  new  booklet  (B-3845-A) 
dealing  with  marine  radar.  Instal¬ 
lation  views  of  radar  equipment 
and  actual  radar  scope  photo¬ 
graphs  taken  at  strategic  points 
are  contained  therein. 


Mixer  Information.  The  Daven  Co., 
191  Central  Ave.,  Newark,  N.  J.  A 
new  folder  contains  a  table  show¬ 
ing  impedance  versus  decibel  loss 
with  values  calculated  for  imped¬ 
ance  mismatch,  minimum  T  loss, 
and  bridging-pad  loss.  Data  on 
mixer  circuits  are  also  shown. 


Designers 
and  BUILDERS  of 
INTEGRATED 
EQUIPMENT 


T-73  Set,  has  7  sizes  of  hex  heads. 
Shock-proof  handles,  and  cold  forged 
sockets  assure  safety  and  strength. 


Small  Tubing.  Superior  Tube  Co., 
2112  Germantown  Ave.,  Norris¬ 
town,  Pa.  Bulletin  31  lists  informa¬ 
tion  on  seamless  as  well  as  welded 
and  drawn  small  tubing  in  various 


STEVENS -WALDEN 


INCORPORATED 

Worcester  •  Mossochusettr 
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DEPENDABILITY 
KNOW  HOW 

Serving  the  Trade 

SINCE  1925 
its 


H.  L.  DALIS,  Inc. 

Distributors  of 

RADIO  &  ELECTRONIC  SUPPLIES 
)7  Union  Squara  •  New  York,  N.  Y. 

fhonts:  ALsuiitjuiri  •f-S7J2-3-f-5-6-7 


HOlUfiRD  B.  J0n€S  DIVISIOR 

'  r*r\QD 


G-E  Variable  Reluctance  Pickup 


Check  these  charaaeristics  of  the 
G-E  Variable  Reluctance  Pickup 
against  your  present  reproducer  head. 
Make  your  own  exaaing  tests.  Prove 
to  yourself  that  this  pickup  will  im¬ 
prove  the  reproduction  quality  given 
by  your  own  phonographs. 

TIm  G-E  VariabI*  Rqluctanc*  Pickup  has  i 
#  No  rasenani  pooks. 

#  Wid*  froquancy  raspons* — assanfially  flof 
from  30  lo  8000  cycks. 

#  High  complianca  of  Iho  stylus — honco  moro 
faithful  roproduction  and  axcaptionally  low 
rocord  woor. 

9  Solf  protacting  gonuine  sapphire  stylus. 

#  Virtual  froadom  from  “naadlo  talk”. 

#  Practical  insensitivity  to  vertical  vibration — 
the  source  of  surface  noise. 

9  Stability  under  humidity,  heat  and  cold. 

We  are  equipped  to  make  prompt  de¬ 
livery  to  meet  your  production  schedules. 
For  complete  information  on  this  finer 
pick-up  write  General  Electric  Company, 
Electronics  Park,  Syracuse,  N.  Y. 


GENERAL  ^  ELECTRIC 


NEW.  .  .  the  MULTI-PURPOSE 
ELECTRAH  STEP-DOWN 
TRANSFORMER 

ONE  TRANSFORMER  OR  THREE  — 

OPERATES  FROM  230  and/or  460  V.  LINES 

1  •  Permits  use  of  combination  power  and 
light  circuits  —  one  entrance  service  —  one 
meter  —  one  central  conduit  to  run. 

2.  Allows  maximum  power  distribution  on 
minimum  sizes  of  wiring  —  smaller  conduit  runs 
result  in  installation  cost  savings. 

3*  Old  installations  can  be  made  to  handle  greater  loads  by  increasing 
voltages  at  the  distribution  panel  and  installing  step-down  transformers 
at  machines  or  other  power  take-ofi  points. 

4.  Permits  115/230  volt  single  phase  lighting  circuits  to  be  operated 
direct  from  3  phase  460  volt  mains. 

3.  Results  in  savings  when  power  is  bought  at  higher  voltages  —  less 
copper  line  loss  is  experienced. 

WRITE  FOR  BULLETIN 
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SERIES  10-20 


sims 


PRECISION 


APPARATUS  CO.,  Inc 
92-27  Horace  Harding  Blvd, 
Elmhurst  10,  N.  Y. 


HANDY  &  HARMAN 


A9ent$  in  Princtpol  Cities 


NEW  PRODUCTS  (coatiniMd) 

metals.  Nickel  cathodes  and  simi¬ 
lar  types  useful  to  the  electronic 
engineer  are  described. 


. . .  and  now  the 
N£W  Precision 


(73) 

Variable  Speed.  Louis  Allis  Co., 
Milwaukee  7,  Wis.  Bulletin  611C 
describes  the  Adjusto-Spede  that  is 
designated  an  alternating  current 
adjustable  speed  drive  using  elec¬ 
tronic  principles. 


Combination 

Twbo  PERFORMANCE  Tostor, 
Battory  Tostor  and 
34  rongo  AC-DC  Circuit  Tostor 


(74) 

Ceramics.  General  Ceramics  and 
Steatite  Corp.,  Keasbey,  N.  J.  Engi¬ 
neers  will  be  glad  to  have  a  copy  of 
the  32-page  booklet  on  the  subject 
of  dielectric  and  other  .ceramics, 
including  a  bibliography  on  the 
subject. 


*  S*g.  Pend.  0.  S.  Patent  Of/ice 

*  A  tube  teeted  tor  |uet  one  eharacterittic  doM 
not  neceesarily  reTe^  OTerall  periormonce  capo- 
bilitiea.  In  the  Precision  Dectronomic  Tub* 
Tester,  the  tube  is  electro-dynomicollr  swept 
over  a  complete  Poth  oi  Operation,  on  a  sinu¬ 
soidal  time  base  which  is  automaticallT  inte¬ 
grated  by  the  meter  in  direct  terms  oi  Heplace- 
Weak-Good. 

Affords  highest  practicol  order  of  obsolesceace 
insurance  thru  use  oi  the  Precision  12  statin 
Master  Lever  Element  Selector  System. 


THE  SERIES  10-20 
TEST  MASTER 


(75) 

H-V  Resistors.  International  Re¬ 
sistance  Co.,  401  N.  Broad  St.,  Phil¬ 
adelphia  8,  Pa.  A  four-page  tech¬ 
nical  data  bulletin  gives  complete 
specifications  and  characteristics 
of  type  MV  high-voltage  resistors 
in  the  power  range  from  2  to  90 
watts.  Ask  for  bulletin  G-1. 


is  particularly  engineered  for  generol-purpoM 
industrial  and  electronic  maintenance,  senrict 
and  installation.  Tests  all  modem  standard  r*- 
ceiving  and  low  power  transmitting  tubes;  in¬ 
cluding  facilities  up  to  twelve  individual  sit- 
ment  prongs;  dual-copped  HJ.  amplifiers,  S  i 
7  pin  acorn  types.  Novel  9  pin  tubes,  etc. 


HIGH  CONDUCTIVITY 


CIRCUIT  TESTING  FEATURES 


ONE-PIECE  STRENGTH 


34  self-contained  ranges,  to  3000  volts,  10  msg- 
ohms,  12  amperes,  -|-  64DB.  •  400  microompsrt, 
4t^"  meter  •  All  standard  functions  at  only  two 
tip  Joclu  •  Push-button  range  selection. 


PERMANENT  TIGHTNESS 


(76) 

Plastic  Insulation.  Bakelite  Corp., 
30  E.  42nd  St.,  New  York  17,  N.  Y. 
Booklet  No.  16  consists  of  eight 
pages  of  technical  data  on  Viny- 
lite  plastic  wire  and  cable  insulat¬ 
ing  compounds.  Included  are 
tables  giving  their  physical  and 
electrical  properties. 


FAST  PRODUCTION 


SURPRISING  LOW  COST 


NO  MAINTENANCE 


Whether  you  have  only  a  few 
electrical  connections  to  make,  or 
thousands — ^there's  no  simpler,  fas¬ 
ter,  more  economical  way  to  make 
them  than  braxing  with  SIL-POS. 
That  goes  for  terminals,  lugs,  leads, 
coil  windings,  bus  bars  or  any 
other  copper  connections.  Actu¬ 
ally,  connections  made  with  this 
fast-acting,  low-temperature  silver 
brazing  alloy,  eguo/  ffie  unjoined 
mefal  in  all  properties  you  need 
in  electrical  connections. 


(77) 

Recorder-Cfmtroller.  Wheelco  In¬ 
struments  Co.,  847  W.  Harrison  St. 
Chicago  7,  Ill.,  is  releasing  an  8- 
page  two-color  bulletin  C2  that 
describes  the  Capacilog  electronic 
recorder  and  controller  for  indus¬ 
trial  processes. 


MODEL  10-20-P  in  portobU  hardwood  com 

(iUuatrolod)  . S109.10 

Also  ovailoblo  in  counter  and  panol  mount 
modola. 

All  modeli  includ* 
iMt  leads  and  ohmmetar  batteries. 

“Praclelan”  Master  Elaetranamie  Test  Instruments  new  es 
display  at  all  leadinp  radio  equipment  distributors.  Writs 
tor  tha  Procision  l»48  eatalou  fully  doaeriblnt  the  Electrs- 
uamie  tuba  performance  teetlnp  elreuit. 


(78) 

Coil  Winder.  Allied  Control  Co.,  2 
East  End  Ave.,  New  York,  N.  Y. 
Information  is  available  on  a  new 
coil  winder  that  can  be  operated  at 
6,500  rpm  using  fine  wire. 


FOR  SIL-FOS  FACTS 
write  today  for 
BULLETIN  12-A 


(79) 

Radio  Wire.  Cornish  Wire  Co., 
Inc.,  15  Park  Row,  New  York, 
N.  Y.,  is  distributing  a  four-page 
catalog  of  electrical,  radio  and 
industrial  wires,  cables,  and  spe- 


Export  Diviaion:  458  Broadway,  N.  Y.  City,  U-SA. 
Cablet:  MORHANEX 
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ID  OR  RECTAMCUUR 

PAPER  TUBES 


NEW  PftODUCTS 


cialties  such  as  antenna 
series. 


(80) 

Sky-Broadcasting.  University 
Loudspeakers,  Inc.,  225  Varick 
St,  New  York,  N.  Y.  Currently 
off  the  press  is  a  four-page  bulletin 
compiled  by  the  technical  staff  on 
the  use  of  loudspeakers  for  air¬ 
plane  sound-broadcasting  service. 
Power  requirements  (100  watts  or 
more),  methods  of  installation,  and 
approximate  weights  are  presented 
as  an  aid  to  those  contemplating 
aircraft  use.  There  is  no  charge 
for  the  bulletin. 


•  ROK-LOK — MW  SMtitiv*  motarial  clamp  IncroatM  accuracy  kWll 

#  DOUBIE-EOOEO  FORMING  BLADE  allawt  data  r*var««  band* 

This  versatile  metal  forming  machine  was  developed 

for  use  in  model  shops,  experimental  laboratories  and  production  depart¬ 
ments  where  it  often  replaces  dies  for  all  t5T)es  of  precision  forming  opera¬ 
tions.  Di-Acro  Brakes  will  form  a  gr^t  variety  of  materials  including 
bronze,  stainless  steel,  altuninum  and  bi-metals. 

.  ‘  WRITE  FOR  CATALOG.  New  edition  of  40-page  Di-Acro  Catalog  contains 

detailed  information  on  all  Di-Acro  Brakes,  Shears, 

and  Benders  and  illustrates  how  these  precision  ma- 

chines  can  be  used  individually  or  cooperatively  for  4 

“DIE-LESS  DUPLICATING”. 


(81) 

Handie-Talkie.  Motorola,  Inc., 
4545  W.  Augusta  Blvd.,  Chicago 
51,  Ill.  The  crystal-controlled  f-m 
handie-talkie  weighs  only  81 
pounds.  Its  receiver  has  a  power 
output  of  2.5  milliwatts,  and  the 
transmitter,  0.6  watts.  The  unit 
is  fully  described  in  an  illustrated 
folder.  Also  available  is  a  small 
24-page  booklet  on  two-way  com¬ 
munications  equipment. 


AVE.,  LAKE  CITY,  MINNESOTA 


(82) 

Photoelectric  Cells.  Selenium 
Corp.  of  America,  2160  E.  Imperial 
Highway,  El  Segundo,  Calif.,  has 
a  12-page  brochure  on  selfgenerat¬ 
ing  photoelectric  cells.  Character¬ 
istics,  applications  and  design  fac¬ 
tors  are  included,  along  with  ap¬ 
propriate  diagrams. 


WIHOIM® 


(83) 

Relays.  Phillips  Control  Corp.. 
612  N.  Michigan  Ave.,  Chicago  11, 
Ill.  Catalog  No.  7  describes  and 
illustrates  a  variety  of  a-c  and  d-c 
relays  designed  for  electronic  and 
industrial  control,  signal  and  traf¬ 
fic  control,  radio  and  communica¬ 
tion.  Coil  characteristics,  contact 
assemblies,  operating  and  release 
times  and  dimensional  drawings  of 
each  are  given. 


Inside  Perimeters  from  .592*  to  19* 

With  specialized  experience  and  automatic 
equipment,  PARAMOUNT  produces  a 
wide  range  of  spiral  wound  paper  tubes 
to  meet  every  need  . . .  from  Yi  to  30*  long, 
from  .592'  to  19'  inside  perimeter,  includ¬ 
ing  many  odd  sizes  of  square  and  rectan¬ 
gular  tubes.  Used  by  leading  manufacturers. 
Hi'Dielectric,  Hi-Strength.  Kraft,  Fish 
Paper,  Red  Rope,  or  any  combination, 
wound  on  automatic  machines.  Tolerances 
plus  or  minus  .002'.  Made  to  your  specifi¬ 
cations  or  engineered  for  YOU. 


(84) 

Ultrasonic  Gage.  Sperry  Products, 
Inc.,  15th  St.  and  Willow  Ave., 
Hoboken,  N.  J.  The  Reflectogage 
is  an  ultrasonic  device  for  thick¬ 
ness  measurement  and  the  inspec¬ 
tion  of  bonds.  Technical  data 
sheet  3700  explains  the  principle 
of  operation  and  methods  of  use. 


iramiiuni  paper  tube  corp 

616  LAFAYETTE  ST.,  FORT  WAYNE  2,  IND. 

Manufacturers  of  Paper  Tubing  for  the  Electrical  Industry 
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NOW- 
A  QUALITY 
2-KW  INDUaiON 
HEATING  UNIT 


For  Only  $650. 

Never  before  a  value  like  This  new 
2-KW  bench  model  "Bombarder"  or 
high  frequency  inducfion  healer  .  .  .  for 
saving  time  and  money  in  surface  hard¬ 
ening,  braxing,  soldering,  annealing  and 
many  other  heat  treating  operations. 

Simple  .  .  .  Easy  to  Operate  .  .  . 
Economical  Standardization  of 
Unit  Makes  This  New  Low  Price 
Possible 

This  compact  induction  heater  saves 
space,  yet  performs  with  high  efficiency. 
Operates  from  1 10-volt  line.  Complete 
with  foot  switch  and  one  heating  coil 
made  to  customer's  requirements.  Send 
samples  of  work  wanted.  We  will  ad¬ 
vise  time  cycle  required  for  your  par¬ 
ticular  job.  Cost,  complete,  only  $650. 
Immediate  delivery  from  stock. 

Scientific  Electric  Electronic  Heaters 
are  made  in  the  following  range  of 
Power:  I  -3-5-7'/2- 1 0- 1 2'/2- 1 5- 1 8-25-40-60- 
80-100-250-KW. — and  range  of  fre¬ 
quency  up  to  300  Megs,  depending  on 
power  required. 


Division  of 

“S"  CORRUGATED  QUENCHED  GAP  CO. 

107  Monroe  St.,  Garfeld,  N.  J. 


RUGGED 

DEPENDABLE 

ACCURATE 


PANEL  INSTRUMENTS 

For  utmost  reliability — specify  and  depend 
upoq  Burlington  Panel  Instruments.  They  are 
designed,  engineered  and  built  to  give  satis¬ 
factory  service  even  under  most  severe  appli¬ 
cations  —  and .  are  fully  guaranteed  for  one 
year  against  defects  in  material  or  workman¬ 
ship. 

Write  today  tor  full  details 

BURLINGTON  INSTRUMENT .  COMPANY 

124  FOURTH  STREET  BURLINGTON,  IOWA 


LEACH  RELAYS 


BETTER  CONTROLS  THROUGH  BETTER  RELAYS 


Countless  Types  and  Modifications 


You  will  find  Leach  Relays  rendering  service  around  the  elec¬ 
trical  world:  in  Industry,  Electronics,  Communications,  Aviation, 
Transportation  and  Power. 

During  the  p>ast  thirty  years,  Leach  has  faithfully  maintained  its 
piohcy  of  building  quahty  equipment;  and  today,  you'll  find 
Leach  delivers  quality  in  quantity.  The  name  LEACH  stands 
for  "better  relays"  and  assures  you  of  "better  controls." 


S9IS  AVALON  BOULEVARD.  LOS  ANGELES  3.  CALIF 
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FAIRCHILD 


Oscillo-Record  Camera 


Once  again,  Fairchild  has  met  a  great  need 
of  the  electronic  laboratory— with  the  first 
general  purpose,  easy  to  use  camera  ever 
designed  specifically  for  recording  both 
still  and  continuous  cathode  ray  oscillo¬ 
graph  images. 

Fairchild’s  complete  assembly  consists 
of  a  35mm  roll  film  Gimera,  Electronic 
Film  Speed  Control  Unit,  Periscope  Cone, 
Mount,  Cables  and  Data  Card  Unit.  Film 
speed  can  be  varied  from  1  inch  per  min¬ 
ute  to  3,600  inches  per  minute.  Exposure 
capacity  ranges  from  double  frame  single 
exposures  to  continuous  exposures  up  to 
100  feet  internal  and  400  to  1,000  feet 
with  external  magazines.  Recording  time 
with  100  foot  reels  is  20  seconds  to  20 
hours;  with  1,000  foot  reels  it  is  3  min¬ 
utes  to  8V3  days— with  the  speed  recorded 
along  the  edge  of  the  film,  bland  written 
data  can  be  recorded  at  the  beginning  and 
end  of  each  run. 

Fairchild’s  new  OSCILLO-RECORD 
CAMERA  is  so  simple  to  set  up  and  oper¬ 
ate  that  anyone  in  the  laboratory  can  re¬ 
cord  perfect  oscillograph  images.  Want 
more  details?  Address:  88-06  Van  Wyck 
Boulevard,  Jamaica  1,  New  York. 


CAMERA 

AND  INSTRUMENT  CORPORATION 


School 

12:30  P.M. — Group  Luncheon 

2:00  P.M. — Chairman — B.  S.  EAlefBon: 

Use  of  Miniature  Tubes  in  AC/DC  Re¬ 
ceivers  for  AM  and  FM,  by  R.  P.  Dunn  of 
RCA 

Two  Signal  Performance  of  Some  P-M 
Receiver  Systems,  by  B.  D.  Loughlin  and 
D.  E.  Foster  of  Haaeltine  Electronics  Corp. 
6:30  P.M. — Group  Dinner 
8:15  P.M.— Chairman — George  R.  Town: 

Engineering  Responsibilities  in  Today’s 
Economy,  by  E.  P.  Carter  of  Sylvania 
9:15  P.M. — Stag  Party,  Courtesy  of  Ameri¬ 
can  Lava  Corp. 

9:30  A.M.  Tuesday  Nov.  18 — Chairman — 
L.  C.  P.  Horle: 

Avenues  of  Inmrovement  in  Present  Day 
Television,  by  Donald  G.  Pink  of  Elec¬ 
tronics 

Standardization  of  Transient  Response  of 
Television  Transmitters  and  Receivers,  by 
R.  D.  Kell  and  G.  L.  Fredendall  of  RCA 
Laboratories 

Psychoacoustic  Factors  in  Radio  Re¬ 
ceiver  Loudspeaker  Selection,  by  Hugh  S. 
Knowles  of  Jensen  Manufacturing  Co. 
12:30  P.M. — Group  Luncheon 
2:00  P.M.— Chairman— Clinton  B.  DeSoto: 

Spectral  Energy  Distribution  of  Cathode 
Ray  Phosphors,  by  R.  M.  Bowie  and  A.  E. 
Martin  of  Sylvania 

Quality  Control  in  Receiving  Tube  Manu¬ 
facture.  by  J.  A.  Davies  of  G-B 
6:15  P.M. — Cocktail  Party  Courtesy  of 
Stackpole  Carbon  Co. 

7:00  P.M. — Fall  Meeting  Dinner  (Stag); 
Toastmaster  Ralph  A.  Hackbnsch: 

The  British  Radio  Industry  Today,  by 
Fred  S.  Barton 

9:30  A.M.  Wednesday  Nov.  19 — Chairman — 
B.  E.  Shackelford: 

Metallized  Film  Coaxial  Attenuators,  by 
John  W.  E.  Griemsmann  of  Polytechnic  In¬ 
stitute  of  Brooklyn 

I-F  Selectivity  Considerations  in  F-M 
Receivers,  by  R.  B.  Dome  of  G-E 
A  New  Television  Projection  System,  by 
William  E.  Bradley  of  Phllco 
12:30  P.M. — Group  Luncheon 
2:00  P.M. — Chairman — R.  M.  Wise: 

The  Organization  of  the  Work  of  the 
I.R.E.  Technical  Committees,  by  L.  G. 
Cumming  of  I.R.E. 

V-H-F  Bridge  for  Impedance  Measure¬ 
ments  Between  20  and  140  Megacycles,  by 
Robert  A.  Soderman  of  General  Radio  Co. 
6 :30  P.M. — Group  Dinner 
8:15  P.M. — Photographic  Session;  Chair¬ 
man — .^.  L.  Schoen  : 

The  Problem  of  Amateur  Color  Photog¬ 
raphy.  by  Ralph  M.  Evans  of  Eastman  Ko¬ 
dak  Co. 


Network  Projection 
Television 

Developmental  equipment  that 
produced  television  pictures  6  by  8 
feet  in  size  on  a  beaded  screen  was 
demonstrated  at  the  Atlantic  City 
NAB  convention  by  engineers  of 
the  Radio  Corporation  of  America. 
The  proj’ector,  suitable  for  accom¬ 
modation  of  overflow  crowds  at  con¬ 
ventions  and  for  theater  television, 
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NEWS  OF  THE  INDUSTRY 

(contlauad  from  p.  154) 

November  17,  18  and  19,  1947,  has 
been  announced  as  follows  by  Virgil 
M.  Graham,  chairman : 

9:30  A.M.  Monday  Nov.  17 — Chairman — 
A.  E.  Newlon : 

V-H-F  Direction  Finder  for  Airport  Use, 
by  A.  G.  Richardson  of  Federal  Telecom¬ 
munication  Laboratories 
R-F  Inductance  Meter  with  Direct  Read¬ 
ing  Linear  Scale,  by  Harold  A.  Wheeler  of 
Wheeler  Laboratories  Inc, 

Design  and  Layout  of  Radio  Receiyers 
and  the  Maintenance  Man,  by  A.  C.  W. 
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fONtACT 


in  MIBHK 

for  high  current  donsity  •  mini¬ 
mum  woor  •  iow  contact  drop# 
low  oloctrical  noise  •  self-luM- 
cotion 


PILOT  LIGHT 
ASSEMBLIES 


PL*  SERIES— Desided  for 
NE-51  Neon  Lamp 

aPg  •  THE  MULTI-VUE  CAP 

B9  .  BUILT-IN  RESISTOR 

HI  •  110  or  220  VOLTS 

III  •  EXTREME  RUGGEDNESS 

UH  •  VERY  LOW  CURRENT 

■I  ^  Write  for  descriptive  booklet 


The  DIAL  LIGHT  CO.  oi  AMERICA 

FOREMOST  MANUFACTURER  OF  PILOT  LIGHTS 

BROADWAY,  NEW  YORK  3,  N 

Telephone — SPring  7-1300 


in  CONTACTS 

for  low  resistance  •  non-welding 


GRAPHAUOY  work*  where  ethers  wen'ti 
Spedtf  OnAPHAUOY  with  cenfWence. 

*A  silver- imereanoted  oraphite 


GRAPHITE  METALLIZING 
CORPORATION 

1055NEPPERHAN  AVENUE.  YONKERS  3,  NEW  YORK 


LET  OVER  TWENTY  YEARS 
OF  EXPERIENCE  GUIDE  YOU 

• 

ELECTRICAL  INSULATION  CO..  INC. 

12  VESTRY  ST.,  NEW  YORK  13,  N.  Y. 


FABRICATED  PHENOLIC  PARTS - SHEETS,  RODS,  TU^E^ 
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STANDARD 

TRANSFORMER 
L  CASES  J 


C"  dimension  is  variable 


39  CHAMBERS  ST  NEW  YORK  7,  N  Y 


(continued) 
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OR  FASTER  SOLDERING 
^  NEW  WELLER 
SOLDERING  GUNS 


Experimental  lorge-ecreen  projection  lye- 
tem  depends  on  7>inch  cathode-ray  tube 


comprises  a  reflective  optical  sys-  ] 
tern  and  experimental  cathode-ray 
tube.  The  optical  system,  compar¬ 
able  to  a  conventional  f/2  projec¬ 
tion  lens  but  transmitting  about  six 
times  the  light,  consists  of  a  21- 
inch  spherical  mirror  and  a  14-inch 
aspherical  correcting  lens  mounted 
vertically  in  a  tubular  housing.  The 
50,000-volt  cathode-ray  tube  has  a 
7-inch  screen  coated  with  new  types 
of  phosphors  that  produce  white 
light;  metal  backing  is  used.  The 
electron  gun  and  internal  tube  con¬ 
struction  are  modified  to  withstand 
the  high  voltage.  An  r-f  power 
supply  is  used.  Program  material, 
originating  at  WNBT,  New  York, 
was  relayed  via  Philco  facilities  at 
Mt.  Rose,  N.  J.,  and  Wyndmoor,  Pa. 
to  RCA  relays  at  Philadelphia, 
Blue  Anchor,  and  Batsto,  N.  J., 
reaching  Atlantic  City  at  the  end  of 
the  200-mile  microwave  link. 


Now  availablo  in  quantity,  OLYM- 
PIC  standardized  transformer  cases 
are  specifically  designed  to  meet  all 
normal  requirements  wi.ere  standard 
cases  are  used.  Construction  is  rigid, 
with  rounded  comers,  and  tight-fitting 
covers  top  and  bottom.  OLYMPIC  stand¬ 
ard  transformer  cases  can  be  furnished 
with  pierced  covers,  studs,  brackets  or 
channels.  Inquiries  are  invited— write 
for  illustrated  bulletin — no  obligation. 


DUAL  HIAT~3S«  fcsetvc 
li««t  for  ckossts  sol^oriog 


Automatic  Flight  Controller 

As  AN  extension  of  pushbutton  fly¬ 
ing,  the  All  Weather  Flying  Divi¬ 
sion  of  the  Air  Forces  recently 
demonstrated  publicly  a  completely 
automatic  flight  sequence  controller 
by  flying  across  the  North  Atlantic. 
The  controller  is  set  to  make  the 
plane  take  off,  fly  a  specified  route 
(series  great  circle  rhumb  lines) 
and  land  at  its  destination. 

Although  the  controller  itself  is 
an  electromechanical  unit,  it  oper¬ 
ates  in  conjunction  with  such  elec¬ 
tronic  equipment  as  the  familiar 
instrument  landing  system  for 
takeoff  and  approach,  an  electronic 
autopilot,  and  a  magnetically  sta- 


The  new  Weller  Soldering  Guns  with 
Solderlite  plus  the  lost  5  second  heating 
help  make  service  work  more  profitable 
for  radio,  television  and  appliance  serv¬ 
ice  men,  electrical  maintenance  men, 
electric  motor  rewinding  and  repair 
shops  automotive  electrical  service. 

A  useful  and  time-saving  tool  for  labora¬ 
tory  workers,  experimenters,  hobbyists, 
telephone  installation  and  maintenance 
men.  SI 07  100  watts  single  heat,  D207 
100/135  watts  dual  heat. 

See  your  radio  parts  distributor  or 
write  for  bulletin  direct. 


MANUFACTURING  CO. 
S06  Packer  St.,  Eoston,  Pa. 

In  Canada:  Atlat  Radia  Carp.,  ltd.,  560  King  St., 
N.  W.,  Teronte,  Ont. 

Export  Dopt.t  25  Warron  St.,  Now  York  7,  N.  Y. 
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browning 

laboratories 

Precision  Instruments 
for  Electronics  and 
Radio  Research  and 
Testing 


OES\GN 

Aena  I 

^0^  HtdA  I 

■  LooJziei!  I 


If  you  are  eoiieenietl  ^itli  nialerial 
f«|>eeifieati«>iii«  you'll  Maul  this  2K-|>a»e 
lMM>klet  .  .  .  iKN'ao'^e  I>im>e  sviilhetie 
sapphire  is  a  lualerial  for  key  parts  on 


Versatile,  Precision 
OSCILLOSCOPE 


MODEL  OL-IS 

This  is  a  highly  flexible  instru* 
ment  particularly  adaptable  far 
production  testing  or  research 


Mhieh  siieeessfiil  o|»eralii>ii  of  a  whole  iiiaehiiie  ran  )le|>eii<l. 

This  IxMtklel  <les«-ril»es  the  siin-essful  u?^s  of  this  material,  the  pro|»erlies, 
aiui  the  forms  aii<l  grades  available.  I  I's  full  of  |ierliueut  illustrations,  iiieluilin^ 
a  pietiireM'aplion  story  of  fahriealiii^  teehiiiipies. 

Send  for  this  IxMiklel  on  voiir  letterhead.  Vsk  for  Ihxiklet  4-lf  —  toilav! 
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ELECTRONICS 


The  word  "Linde”  U  a  trade-mark  of  The  Linde  Air  Products  Company 


MODEL  RJ-12 
FM-AM  TUNER 


An  easy-to-install  highly-sensitive 
tuner  that  provides  distortion-free 
reception  on  FM  and  quality  re¬ 
ception  on  AM.  Tuning  eye  shows 
correct  tuning.  One  antenna 
serves  both  FM  and  AM.  Many 
other  features.  Armstrong  circuit, 


WWV  FREQUENCY 
CALIBRATOR 


Full,  accurate  use  of  station 
WWV,  the  world's  finest  primary 
frequency  ond  time  standard,  is 
obtoined  from  the  Browning 
Model  RH-10  Stondard  Frequency 
Calibrator. 


OTHER  EQUIPMENT  manufactured 
by  Browning  Laboratories  includes 
an  accurate  frequency  meter  and 
ECO  Model  MJ-9,  for  operating  in 
the  Ham  bands,  and  a  frequency 
meter  (Model  S-4)  especially  design* 
ed  for  checking  mobile  transmi^rs. 


work  in  television,  radar,  fac- 
^  simile  work,  and  radio-frequency 
equipment. 


TYPE 


850-A  850-1 


BROWNING 

laboratories,  INC. 

WINCHESTER,  MASS. 


The  units  illustrated  represent  a  complete 
redesign  of  our  older  precision  attenuators  for 
laboratory  standards.  Flat  for  all  frequencies  in  the  audio 
range.  Reasonably  flat  to  200  k.c.  up  to  70  db. 

Bulletin  sent  on  request. 


Manufacturers  of  Precision  Electrical  Resistance  Instruments 

337  CENTRAL  AVE.  .  JERSEY  CITY  7  N.J. 
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THE  LINDE  AIR  PRODUCTS  COMPANY 

Unit  of  Union  Carbide  and  Carbon  Corporation 
.  30  E.  42nd  St.,  New  York  17,  N-.  Y.  |INd  Offices  in  Other  Principal  Cities 
In  Canada;  DOMINION  OXYGEN  COMPANY,  LIMITED,  Toronto 


<  . 
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When  you  use  these  tough,  light¬ 
weight  and  inexpensive  parts,* 
you  build  tjieir  many  advantages 
into  your  own  product.  Fabri¬ 
cated  to  order,  BAER  FIBRE 
washers,  special  shapes,  terminal 
boards,  and  other  parts  are  ac¬ 
curately  and  uniformly  produced 
to  specification  in  any  quantity. 
Selection  of  grades  by  physical 
and  electrical  qualities,  permits 
application  to  a  wide  range  of 
operating  conditions  and  require¬ 
ments.  Investigate  now!  . 


Instrument  panel  of  the  electromechanical 
predetermined  flight  controller  is  shown 
aboard  the  C-54  Skymaster.  which  made  a 
trans-Atlantic  round  trip  flight  in  September 
and  October  between  Newfoundlond  and 
England 


UTERATURE  ON  REQUEST 

N.  S.  BAER 
COMPANY 

MONTGOMERY  ST.,  HILLSIDE.  N.  J. 


bilized  gyro-compass.  The  con¬ 
troller  regulates  engine  power  for 
takeoff  and  cruising,  adjusts  trim, 
and  performs  all  the  integrated  op¬ 
erations  usually  done  by  pilot,  flight 
engineer,  and  navigator. 

Using  similar  equipment  the  All 
Weather  Flying  Division  has  made 
two  flights  daily  irrespective  of 
weather  conditions  between  Ohio 
and  Maryland.  Such  equipment  as 
this  will  relieve  pilots  of  much  fly¬ 
ing  routine,  enabling  them  to  moni¬ 
tor  the  flight  of  their  planes  more 
fully  and  observe  flight  conditions 
in  greater  detail  and  thereby  assur¬ 
ing  greater  safety. 


Televising  Surgical 
Operations 

Television  broadcasts  of  opera¬ 
tions  performed  in  the  operating 
room  of  the  New  York  Hospital 
were  presented  to  surgeons  at  the 
Waldorf-Astoria  as  an  indication 
of  the  possible  application  of  tele¬ 
vision  to  surgical  education.  These 
telecasts,  with  running  commen¬ 
tary  by  the  operating  surgeon  and 
his  assistant,  were  made  available 
to  5,000  surgeons  attending  the 
Clinical  Congress  of  the  American 
College  of  Surgeons  on  September 
12.  By  this  means,  each  surgeon 
had  a  view  comparable  to  that 
which  he  might  have  had  from  the 
side  of  the  operating  table.  This 
was  the  first  time  that  televised 


Svbseaic  and  Ultrasonic 

X-cut  orculor  crystals  up  to  3**  diameter  and  square  crystals 
up  to  2"  on  a  ride,  in  thicknesses  from  2"  to  .005"  with  frequen¬ 
cies  from  60  kc.  to  20.000  kc«  optically  finished  or  silver,  gold, 
or  nickel-on-gold  plated. 

RH-51  ■  ItR-241 


%The  wide  range  of  Reeves- 
Hoifman  crystal  activities 
includes  such  crystal  units 
as  RH-51  a  hermetically 
sealed.  1000  kc.  crystal  unit 
designed  for  frequency  meters  and 
secondary  standards.  The  metal  tube 
holder  has  a  standard  octal  base. 


In  still  another  field  of  crys- 
tal  applications  is  the  RH-241 
crystal  unit  designed  for  FM 
transmitters  and  receivers. 

This  is  a  plated.  200-1000  kc., 
wire  mounted,  sealed  unit  which  is  also 
suitable  for  use  in  frequency  meters 
and  filters. 
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slucms 


for  Pressure 


Measurement 


SILICON  DIFFUSION  PUMP  FLUIDS 
Improve  Adhesion  of  Metal  Films 


Fairchild  Precision  linear  Potentiometer 


This  is  actual  performance  data  of  Fairchild's  low  torque  Linear  Fotenti- 
ameter— o  small  precision  instrument  of  5,000  ohms  overall  resistance. 
Application:  Telemetering  extremely  accurate  electrical  pressure  meas¬ 
urements  from  0"  to  100"  Hg  abs.  Sansitirify:  Absolute  resolution  of 
0.06%  (from  1,600  turns  on  a  single-turn  mandrel)  and  0.12%  linearity. 
Dapandability;  Sustoined  linearity  over  several  million  pressure  fluctua¬ 
tions.  Construction:  Precision  engineered  for  quantity  production  with 
long-life  gold,  platinum  and  silver  allay  contacts.  For  complete  data 
addreu:  Dept.  'F',  88-06  Van  Wyck  Baulevard,  Jamaica  1,  New  York. 
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coerruT  d«pl*te  cauim.  lto. 

l/M  ef  DC  703  in  production  units  for  the  thormal  ovapora- 
tion  of  mototiic  and  non-nutoWie  films  indkaloi  fhal  tho 
•scoptionot  hoot  dabdity  of  this  DC  Si/icono  Diffusion 
Pump  Fluid  rosutts  in  hotter  odhosion  of  magnoiium  tiuorido 
fUmi  to  e^u. 

After  using  DC  703  for  the  past  year  in  two 
production  units  for  evaporating  magnesium 
fluoride  and  rhodium.  Dr.  Bateson  of  Duplate 
Canada  Ltd.,  Oshawa,  Ontario,  reports  that  he 
has  had  no  difficulty  in  producing  equal  or  higher 
vacuum  with  pumping  speeds  equal  to  those  of 
a  high  grade  organic  pumping  fluid. 

Even  more  significant  are  Dr.  Bateson's  observa¬ 
tions  that  backstreaming  seems  to  be  reduced 
by  use  of  DC  703;  that  the  Silicone-vapor  which 
does  migrate  into  the  system  is  more  heat- 
stable;  and  that  primary  adhesion  of  magnesium 
fluoride  Aims  to  glass  is  therefore  improved. 
Preliminary  observations  also  indicate  that  use 
of  DC  703  results  in  brighter  first  surface  mirrors. 
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TOP  PERFORMANCE  with 


That  DC  703  causes  less  contamination  of  the 
system  is  further  indicated  by  these  aluminum 
shields.  Both  were  normally  exposed  to  the 
healers  in  the  bell  jar  for  9  months.  Shield  at 
left,  exposed  to  DC  703,  is  quite  clean.  The 
other  shield,  exposed  to  a  high  grade  organic 
pumping  fluid,  is  covered  with  a  dark  brown 
deposit. 

May  we  also  remind  you  of  DC  702.  Both 
DC  702  and  DC  703  are  useful  in  electron 
microscopes,  high  vacuum  dehydration  and  in 
evacuating  electronic  tubes.  Write  for  pamphlet 
No.  N»-4. 


\puinsi 
V  /  cmd 


Plan  for  perform-  N. 

anee  perfection.  \ 

For  transformers  and 

electrical  coil  windings  of 

superior  quality  and  produc- 

tion,  use  Dinion  Transformers  and 

Coils.  Manufactured  to  specification 

or  designed  to  meet  particular  re-  > 

quirements.  Special  or  mass  production. 
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•  Photo  Rash  Control  •  Radio 

\e  Instrument  e  Television 
e  Electronic  and  Indus¬ 
trial  Applications 


.e  Electrical  Coil  Windings 


DOW  CORNING  CORPORATION 
MIDLAND,  MICHIGAN 
New  York  •  Chicago  •  Clevelond  •  les  Angeles 
In  Canada:  FIberglat  Canada,  Lid.,  Toronto 
In  England;  Albright  and  Wilson,  Ltd.,  London 


Specialists 
in  Difficult 
Designs 


CALEDONIA^ 


NEW  YORK 


ELECTRONICS 
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SUPERIOR 

ELECTRONIC 


UCTS 


HIGH  CAPACITY 
TO  SPACE  RATIO 

‘P%c4^unc^ccC 


ANODE  AND  GRID 
CYLINDERS— 

Sfroight  cut,  ongle 
cut  or  rolled  edge 
Tubing  produced  to 
very  close  tolerances. 


DISC  CATHODE  ASSEMBLY 


Precision  .nade  and  laboratory 
controlled  to  assure  correct  emis¬ 
sion  and  cut-ofF  characteristics. 


The  expanding  televi¬ 
sion  industry  has  turned  to  Superior's 
Electronic  Division  for  the  conception 
and  production  of  these  vital  parts 
within  the  television  tube. 


TUBE  COMPANY 


ELECTRONIC  DIVISION 

2500  GERMANTOWN  AVENUE 
NORRISTOWN,  PENNA. 
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pictures  of  surgical  operations 
were  transmitted  from  an  operat¬ 
ing  room  in  one  location  to  tele¬ 
vision  receivers  in  another  part  of 
the  city. 

For  these  telecasts,  two  local  re¬ 
ceivers  were  installed  at  the  hos¬ 
pital.  One  of  these  was  located  in 
the  operating  room  to  enable  the 
surgeon  to  see  the  operative  area 
covered  by  the  camera  and  to  per¬ 
mit  positioning  the  camera  so  as 
to  prevent  obstruction  of  the  view. 
The  other  receiver  was  located  in 
an  adjoining  office  for  the  benefit  of 
some  members  of  the  hospital  staff. 

The  operating-room  microphone 
was  connected  with  a  foot  switch 
so  that  the  operating  surgeon  could 
make  comments  at  will.  Because 
some  surgeons  prefer  not  to  talk 
while  operating,  an  auxiliary  mi¬ 
crophone  is  provided  in  the  adjoin¬ 
ing  office  so  that  the  commentary 
can  be  delivered  by  another  person. 

Seven  RCA  Victor  television  re¬ 
ceivers  were  installed  in  the  hotel 
where  seating  facilities  were  pro¬ 
vided  for  about  300  surgeons  at  a 
time.  Pictures  were  transmitted  via 
a  2-mile,  7,000-mc  radio  link  be¬ 
tween  the  roof  of  a  nine-story  ex¬ 
tension  of  the  hospital  building  and 
the  18th-floor  terrace  of  the  hotel. 

Paraboloid-reflector  antennas 
were  used  for  both  transmitting 
and  receiving.  Transmission  was 
thus  confined  to  a  narrow  beam,  in- 


JOHNSON  Pressurized  Capacitors 
are  so  carefully  engineered  that  they 
provide  the  desired  capacity  and 
voltage  rating  with  minimum  pressure 
and  condenser  height.  Because  of  their 
efficient  electrical  and  mechanical 
design,  they  also  provide  the  utmost 
in  stable  operating  conditions. 

Available  as  “standard"  are  variable, 
fixed  and  fixed-variable  units  —  in  a 
wide  variety  of  capacitance  and  current 
rating.  In  addition,  JOHNSON  can 
build  any  pressure  condenser  to  in¬ 
dividual  specifications. 


FIATURIS 

•  Low  Loss 

•  High  KVA  Rating 

•  Shielded  From  External  Electro¬ 
static  Fields 

•  Low  Internal  Distributed  induc¬ 
tance 

•  Complete  Dependability 


Write  For  IllustrateJ 
JOHNSON  Catalog  and 
Prices 


The  three-lens  television  camera,  requiring 
no  special  lighting,  is  installed  on  a  track 
above  the  operating  table.  The  microphone 
mounted  lust  behind  the  comera  picks  up 
the  rsuming  commentary  of  the  operoting 
surgeon.  RCA  equipment  was  used 


E.  F.  JOHNSON  CO.  WASECA,  MINN. 
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D.M.  STEWARD  MEG.  COMPANY 


Mom  Office  i  Works:  Chattanooga,  Term. 
Needham,  Moss.  •  Chicago  •  los  Angeles 
New  York  •  Philadelphia 


. . .  the  Solution  to  Many  Finishing  Problems 


Automatic  throughout. 

Can  be  synchronlied 
with  automatic  Stem 
machine. 

Cuts  off  and  flares  In 
one  operation. 

Production  I2S0  flares 
per  hour.  For  minia¬ 
ture  flares,  fluores¬ 
cent  starters,  stand¬ 
ard  size  lamps,  fluo¬ 
rescent  and  radio 
tubes. 

RANGE  OF  MACHINE 
Glass  tablag 
27  to  4S  gauge 

Length  et  flares 
5  mm.  to  flO  mm. 

Forms  flares  ep  to 
47  mm.  diem. 


In  instances  where  spraying  Cellusuede  Flock  is  not  entirely 
practical,  you  will  find  fiocked-film  ready  to  do  the  job 
simply  and  effectively.  Cellusuede  Flocked-film  is  a  pliant 
surrace  (of  varying  degrees  of  flexibility  to  meet  certain 
conditions)  evenly  coated  with  millions  of  tiny  flock  fibres. 
Film  can  be  die-cut  to  meet  specifications,  and  is  easily 
applied  with  suitable  adhesives.  Sound  deadening  gaskets, 
box  interior  coatings,  mar-proofing  of  external  surfaces, 
and  light-absorbing  trim  for  backs  of  radio  dials  are  but 
a  few  examples  how  Cellusuede  Flocked-film  can  be  used. 
Precision-cut  from  new  rayon  filament  in  a  wide  range  of 
lengths,  Cellusuede  Flock  serves  to  increase  the  market 
value  of  thousands  of  products.  Write  today  for  booklet, 
*  color  card,  samples,  prices,  and  other  details. 


Nat  waight,  9M  lbs, 
Gross  waight 
1450  lbs. 


OimansIoRs 

14"x24"x72” 


MaHtiiaetarers  at  High  Vacuum  Pumps,  Auto¬ 
matic  Machinery  for  Incandescent  Lamps, 
Bectrenic  Tubas  since  1916. 

2027  -  46TH  STREET 
NORTH  BERGEN.  N.  J.,  U.  S.  A. 

Tel.  UN  ion  3-7412, 

Cabit  Address  “Intermach"  North  Bergen,  N.  J. 


EFF/C/fA/r  fjvi 


Magic  Wand  Aerials  for  FM  and  tele¬ 
vision  offer  electrical  efficiency  pos¬ 
sible  only  through  the  enthusiastic 
teamwprk  of  Ward’s  top-drawer  ex¬ 
perimental  laboratory,  and  produc¬ 
tion  facilities. 

As  the  world’s  largest  producer  of 
aerials  for  car  and  home,  W'ard  also 
is  pioneering  in  educating  33  million 
present,  and  prospeaive,  FM  and 
television  receiver  owners  that  a  good 
outdoor  dipole  antenna  is  necessary 
if  quality  reception  is  to  be  enjoyed. 
Watch  for  our  hard-hitting  atb  in  the 
Saturday  Evening  Post  and  leading 
newspapers. 

In  addition  to  developing  outstanding 
FM,  television  and  automotive  aeri¬ 
als,  Ward  also  has  design  and  produc¬ 
tion  capacity  available  to  take  care 
of  special  aerial  needs.  Submit  your 
aerial  problems  tc  us  now  for  an 
efficient,  and  economical,  solution. 


STEATITE 

CERAMIC 


Proportias  and  CharaetarlsHcs  of  Our 
LAVITE  51 -S  Staatita  Coramic  Body 

ComprGGGivG  Strength  . 96,000  ib«.  p*r  square  inch 

Tensile  Strength  .  7,200  lbs.  per  square  inch 

Flexural  Strength  . lO.SOO  lbs.  per  square  inch 

Modulus  of  Rupture . 20,000  lbs.  per  square  inch 

Dielectric  Strength  . 23S  volts  per  mil 

. 2.*oi  Frequency  of 

Dower  Factor  446  )  ^  megacycle 

Sulk  Specific  Qravity . 2.664tt/o 

Density  (from  above  gravity) ... 0.066  lbs.  per  cubic  inch 

Nerdness  (Mohr  scale) . 7.0 

Softening  Temperature  . 2.3S0-F. 

Linear  Coefficient  of  Expansion . 8.13x10— '• 

Moisture  Absorption  (ASTM  D-116-42-A) . O.OOSOe 

Desi^  engineers  and  manufacturers  in  the  radio, 
electrical  and  electronic  fields  are  finding  in 
LAVITE  and  precise  qualities  called  for  in  their 
specifications  .  .  .  high  compressive  and  dielearic 
strength,  low  moisture  absorption  and  resistance 
to  rot,  fumes,  acids,  and  high  heat.  The  exceed¬ 
ingly  low  loss-factor  of  LAVITE  plus  its  excel¬ 
lent  workability  makes  it  ideal  for  all  high  fre¬ 
quency  applications. 

We  wiQ  gladly  supply  samples  for  testing. 


THE  WARD  PRODUCTS  CORF. 

1533  E.  45th  5lr«»t,  Clevetond  3,  O. 
Division  of  1h»  Gabriel  Company 
^  EXPONT  DEPT..  C.  W.  Bfondai,  Mgr., 
4900  Euclid  Av*.,  CIcvalond  3,  O. 
IN  CANADA;  Atiai  Rodie  Corp., 
SM>  King  St.,  W.,  Torenta,  Ont. 
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AMERICAN  TEIEVISION  AND  RADIO  CO. 

Quality  Product!  Since  1931 
SAINT  PAUL  MINNESOTA  —  U  S  A 
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suring  privacy  for  these  telecasts, 
which  were  of  a  nature  not  suitable 
for  public  view.  With  this  system, 
line-of-sight  transmission  is  possi¬ 
ble  over  a  distance  as  great  as  30 
miles. 

The  microwave  relay  transmitter 
passed  a  video  bandwidth  of  8  me 
as  compared  with  the  usual  trans¬ 
mitter  video  bandwidth  of  only  4 
me.  Standard  receivers  having  a 
5-mc  bandwidth  were  used.  With 
this  combination  of  equipment,  it 
was  possible  for  the  surgeons  to  see 
pictures  having  better  definition 
than  those  seen  by  the  viewer  of 
ordinary  telecasts. 

Clinics,  operative  and  nonoper¬ 
ative,  in  hospitals  are  the  principal 
means  of  video  education  in  sur¬ 
gery.  Since  the  accommodations 
for  observers  in  operating  rooms 
are  limited,  television  provides  a 
teaching  medium  that  can  serve 
large  numbers  of  surgeons  in  class 
rooms  and  at  conventions. 


CVftffSHT 

CONVBffSfON 


■ATTIIY  lUIMNATORS 
Fw  DiMONSTtATIN»  m4 
TISTIN6  AUTO  RADIOS 
N«w  Models  .  .  .  DMiqaod  tor  Test- 
lag  D.C.  Electricol  Apparatus  oa 
Regular  A.C.  Uaes.  Equipped  with 
FuU-Ware  Dry  Disc  Type  Rectifier, 
Assuriag  Noiseless,  latertereace- 
Free  Oi^ratioa  oad  Extreoie  Loag 
Lite  oad  Reliability. 

•  Eltaaiaates  Storage  Ratteries  oad 
Battery  Chargers. 

•  Operates  the  Equipmeat  at  Moxi- 
oiuai  Eificieacy. 

•  Fully  Antomatic  oad  Fool-Proof.* 

•  Type  60-ELlA  .  .  .  Rated  Output 
1.3  Volts  at  6.5  Amperes. 

DooIm*  Net  Price  $22.M 

•  Type  130C — EUO  .  .  .  Rated  Out¬ 
put  64  Volts  at  14  Amperes. 

Beeler  Net  Price  S37.20 


X-Ray  Conference 

Four  papers  dealing  with  Geiger- 
counter  x-ray  spectrometer  studies 
are  on  the  program  of  the  Fifth 
Annual  Pittsburgh  Conference  on 
X-Ray  and  Electron  Diffraction, 
scheduled  for  Nov.  7  and  8  at  the 
Mellon  Institute  and  the  University 
of  Pittsburgh.  Registration  begins 
at  9:00  a.m.  Nov.  7  in  the  foyer  of 
Mellon  Institute.  Papers  that  morn¬ 
ing  start  at  9:40  and  deal  with  in¬ 
terstitial  compounds,  while  papers 
for  Saturday  morning  start  at  9 :00 
a.m.  and  deal  with  lattice  imperfec¬ 
tions  and  general  subjects.  Other 
papers,  more  likely  to  interest  elec¬ 
tronic  engineers,  are  as  follows: 

2:00-5:00  p.m.  Nov.  7 — X-Ray  and  Elec¬ 
tron  Diffraction  Studies  at  High  Tem¬ 
peratures 

(1)  Some  Results  of  High  Temperature 
Studies,  by  H.  F.  McMurdie  of  XBS 

(2)  A  Comparison  of  Crystal  Structures 
of  Ten  Wrought  Heat-Resisting  Alloys  at 
Elevated  Temperatures  with  their  Crystal 
Structures  at  Room  Temperature,  by  J.  H. 
Kittel  of  N.\CA 

(3)  Design  Problems  in  High  Tempera¬ 
ture  X-Ray  and  Electron  Diffraction  Cam¬ 
eras,  by  J.  W.  Hickman,  E.  A.  Gulbransen, 
and  R.  J.  Bertl  of  Westinghouse 

(4)  High  Temperature  X-Ray  Camera  De¬ 
sign  Using  Induction  Heating,  by  J.  W. 
Edwards,  R.  Speiser,  and  H.  L.  Johnston 
of  the  Cryogenic  Laboratory,  Ohio  State 
University 

(5)  An  Electron  Diffraction  Study  of  Ox¬ 
ides  Formed  on  Copper-Nickel  Alloys  at 
Elevated  Temperatures,  by  J.  W.  Hickman 
of  Westinghouse 

(6)  The  Interpretation  and  Use  of  Elec¬ 
tron  Diffraction  Studies  on  Metals  at  High 
Temperatures,  by  E.  A.  Gulbransen  of  West- 
ingbouse 

2:00-5:00  p.m.  Nov.  8 — Symposium  on 


AUTO 

RADIO 

VIBRA¬ 

TORS 


Dosignod  for  Dso  in  Standard  Vibra- 
tor-Oporatod  Auto  Radio  Rocoivora. 
Built  with  Precision  Construction  for 
Longer  Lasting  Life.  Prices  are 
opp.  15%  lower. 


For  Inverting  D.  C.  to  A.  C. 

Specially  Desiraed  for  Operating 
A.C.  Radios,  TeleTision  Sets,  Ampli¬ 
fiers,  Address  Systems,  and  Radio 
Test  Equipment  irom  D.C.  Voltages 
in  Vehicles.  Ships,  Trains,  Planes 
and  in  D.C.  Districts. 

V/rHm  for  New  ATR  Cofolog— Todoyl 


WHAT,  NO 


NOT  IN 


LEKTROMESH 


Lektromesh  .  .  .  the  new,  one-piece 
solid  metal-plated  screen  is  made  by 
electrodeposition  .  .  .  supplements 
rather  than  competes  with  woven  wire. 
Continuous  production  methods  permit 
runs  of  100  foot  rolls  up  to  35  inches 
in  width  of  40  to  120  mesh  .  . 
meshes  150  to  400  in  smaller  units 
.  .  .  and  is  furnished  in  nickel  and 
copper.  This  unique  product  pre 
sents  a  smooth  surface  and  is  readily 
fabricated  by  stamping,  welding  and 
soldering.  Combining  accuracy  and 
uniformity  of  openings  with  the 
smoothness  of  perforated  metals, 
Lektromesh  applications  are  unlimited. 
Ideal  for  strainers  in  fuel  systems,  dry 
screening  and  a  large  number  of  spe 
cialized  items.  Distinct  value  lies  in 
its  even  plane  surface  that  withstands 
wear  when  exposed  to  doctor  blades 
and  scrapers  as  in  continuous  filters 
and  its  unique  ability  to  screen  ma 
terial  with  minimum  clogging. 

lektromesh  folder  and  small  sample 
available.  Write  Dept.  L-201 

/^T  S  •  LEKTROMESH  •  REsT^ 


TheC.  0.  JELLIFF 
MANUFACTURING 
CORPORATION 

SOUTHPORT,  CONN. 


♦/•S  •  WIRE  CLOTH  •  STRAIN^ 
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‘OTE'.tiomeTE- 
RL  2COe  n 


For  use  in  electrical  computers, 
servo  systems  and  other  con* 
trol  circuits  where  360°  rota* 


Spetify 

MYCALEX 

LOW  LOSS  INSULATION 

Where  high  mechanical  and  elec¬ 
trical  specifications  must  be  met. 


27  years  of  leadership 
in  solving  the  most 
exacting  high  frequency 
insulating  problems 

MYCALEX  CORPORATION  OF 
AMERICA 

"Ownerf  of  'MYCALEX'  Pafonti" 

Plant  and  Ganeral  Offices:  Clifton,  N.  J. 
Executive  Offices:  30  Rockefeller  Plaza, 
New  York  20,  N.  Y. 


dicf-itai-i  ^07  C^c  ^icdcctl 


S7 Aminat)' 


JK  STABILIZED  OVEN 

Range  80  to  7500  kc.  Standard  iive 
prong  base.  Octal  on  special  order.  Ap¬ 
proved  by  the  FCC  tor  BC  stations.  Can 
be  supplied  in  hermetically  sealed,  pres¬ 
sure  mounted,  plated  and  wire  mounted 
crystals.  Also  with  variable  micrometer 
air  gop  mounting  to  give  exact  frequency 
adjustment.  Plus  or  minus  1  degree  C 
maintained.  6.3  v.  heater  unit;  others  on 
special  order.  Current  is  approx.  1  am¬ 
pere  at  6.3  V.  Molded  phenolic  body. 
Also  ovailable  without  thermometer  or 
without  side  terminol. 

Write  for  Illustrated  Folder 


The  JAMES  KNIGHTS  CO. 

SANDWICH,  ILLINOIS 


★Star 


VITAL  AIDS 

FOR  THE 

Manufacturers  of  7-pin  alkd  9-pin 
miniaturo  tube — radios  and  equip¬ 
ment 


#JE-t  (f.pin)— #JE-I0  (7pin) 
—Star  Miniature  socket  wiring 
plugs  for  accurate  alignment 
of  miniature  socket  contacts 
during  wiring.  Precision  cast 
of  zinc  base  alloy  —  pint  of 
stainless  steel. 


#JE-I5  (9-pin)— 
#JE-I3  (7-pin)- 
Star  Miniature  tube 
p  i  n  straighteners 
(with  stainless  steel 
insert)  to  obtain  a 
perfect  fit  when  the 
tube  is  placed  in 
the  equipment. 


ScientiUcally  des/gned — Prtcision  made 

READY  FOR  IMMEDIATE  DELIVERY 
IN  ANY  QUANTITIES 

SKII  EXPANSION  PRODUCTS  CO.  INC. 


IN-RES-CO 

WIRE  WOUND 

RESISTORS 


Wl  S/t-S/l"  z  3/16*  (Kodiel  Lied)  .01  Ohms 
min.  3,000  Ohms  nex.  * 

WLA  S/i-S/t"  X  3/16*  (Axiel  Leed)  .01 
Oimis  min.  3,000  Ohm  mex. 


147  Cedar  St. 


New  York  6.  N.  Y. 


Wl- r  X  3/i6*  (lediol  Lced)r.OI  Ohms  lein. 
WL/1— r  X  3/16"  (Axiel  Lted)  10,000  leox. 

WLA% 

New  Economy  Line! 

Here’s  a  new  line  of  resis¬ 
tors  priced  for  real  economy. 
Wire  wound  to  a  tolerance 
of  1% — higher  accuracy 
on  special  order  at  slightly 
higher  cost.  Write  today. 

INSTRUMENT 
RESISTORS  CO. 

1036  COMMERCE  AVE. 

UNION.  NEW  JERSEY 


APPLICATION-DESIGNED  RESISTORS 
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uon,  nign  precision  ana  low 
noise  levels  are  essential. 


Potentiometer  Toroidal  Typo 


Can  be  supplied  in  a  wide  variety  of  styles  within  linear 
resistance  ranges  from  500  to  20,000  ohms — Linearity 
enclosed  toroidal  wound,  low  torque,  electrical  angle  360°  or 
less.  Capable  of  rotation  through  angles  greater  than  360°. 

SPECIAL  FEATURESi  Capability  of  continnoas  rotation — Accuracy 
of  linearity — Wide  variety  of  contact  and  tapping  arrangements — Durability, 
tbe  RL-210  type  (6000  ohms,  2  brushes)  showed  no  serious  wear  nor 
measurable  departure  from  initial  characteristics  following  over  one  million 
revolutions  at  speed  of  20  RPM — Overall  diameter  3  15/16",  height  2  15/16". 

Write  for  Bulletin 

THE  GAMEWELL  COMPANY 


NEWTON  UPPER  FALLS  64, 


MASSACHUSETTS 


PRECISION 

POTENTIOMETERS 


For  Complete  Catalog  and 
Specifying  information  on 
MYCALEX  400,  K.  &  410 
refer  to  pages  84-85  in  the 
1947  Mid-June 

BUYERS'  GUIDE  ISSUE 

OF  ELECTRONICS 


* 


PLUG- IN  Masters  —  for  quick, 
easy  exchange  or  transfer  of 
Master  units  when  desired. 


HANDSET — professional  type  for 
private  conversation  —  optional 
equipment  with  Masters. 


i^dMldind 


Paul  G.  Exline  of  Gulf  Research  Corpora' 
tion.  new  president  of  ISA 


Second  Annual  Instrument 
Conference 

More  than  7,000  engineers  and 
technicians,  nearly  double  last 
year’s  attendance,  registered  at  the 
Instrument  Society  of  America  Con¬ 
ference  and  Exhibit  in  September. 
Held  at  the  Stevens  Hotel  in  Chi¬ 
cago,  the  exhibition  attracted  139 
manufacturers  of  equipment  who 
showed  six  million  dollars  worth  of 
equipment. 

Newly  elected  officers  for  1947-48 
are :  president,  Paul  G.  Exline,  sec¬ 
tion  engineer,  Gulf  Research  Corp., 
Pittsburgh;  vice-president,  H.  C. 
Frost,  assistant  director  of  engi¬ 
neering,  Chemical  Division,  Corn 
Products  Refining  Co.,  Argo,  Illi¬ 
nois  ;  vice-president,  F.  H.  Trapnell, 
instruments  engineer,  E.  I.  duPont 
de  Nemours  Co.,  Wilmington,  Del. 

Carry-over  officers  who  are  serv¬ 
ing  the  second  year  of  a  two-year 
term  are:  first  vice-president.  Prof. 
Carl  P.  Kayan,  Department  of  Me- 


(confinutd) 


Geiger-Counter  X-Ray  Spectre  iaet»r 
Studies 

(1)  -Application  of  X-Ray  Analyses 
Ceramic  Clays,  by  G.  L.  McCreerv  of  Th. 
Ohio  Brass  Co. 

(2)  Application  of  Geiger-Counter  8pe^ 
trometer  to  the  Measurement  of  Particl, 
Size,  by  L.  E.  -Alexander  and  £.  Ku.umtr 
of  Mellon  Institute 

(3)  Quantitative  Organic  -Analysis  with 
the  Geiger-Counter  X-Ray  Spectrometer  hr 
C.  L.  Christ,  R.  B.  Barnes,  and  E.  F.  Wif. 
liams  of  -American  Cyanamid 

(4)  Geometric  Factors  Affecting  the  Con¬ 
tours  of  Geiger  Spectrometer  -Miixiina,  bj 
L.  E.  -Alexander  of  Mellon  Institute 

(5)  The  Photomultiplier  Radiation  IV- 
tector,  by  Fltz-llugh  Marshall  and  J.  w. 
Coltman  of  AVestinghouse 


The  New  AMPLICALL  is  no  ordinary  "intercom  system.” 
Dramatically  different  in  its  impressive  styling,  definitely 
advanced  in  functional  design,  the  New  AMPLICALL  serves 
the  intercommunication  needs  of  business  and  industry  as  they 
have  never  been  served  before.  Apart  from  exceptional  fidelity 
of  speech  reproduction,  the  New  A\U*LICALL  incorp>orates  a 
number  of  exclusive  advantages  in  operation  and  installation 
which  sets  it  apart  in  the  intercommunication  field.  New 
AMPLICALL  Systems  are  available  to  meet  every  conceivable 
business  communication  requirement  throughout  business 
and  industry.  Write  today  for  full  information  covering 
America’s  Finest  Business  Communication  Systems. 

THE  RAULAND  CORPORATION 

4265  N.  Knox  Avonuo,  Chicago  41,  Illinois 
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Featuring: 


SOUND . TELEVISION . INTEIICOMMUNICATION 


THE  NEW 


Business  Communication  Systems 


**EU$Y**  Signal— visual  type  us> 
ing  neon  bulb  to  indicate  instantly 
when  station  being  called  is  busy. 


PREMIER  DIALS, 
PANELS  &  PUTES 

What  counts,  salos-wiso,  is  whot 
your  customor  soos.  Whot  gets 
the  attention  for  Premier  Metal 
Products,  quality-wise,  is  their 
sharpness  and  cloritr  . . .  close 
toleronces  .  .  .  rich  colors  and 
bakod-in  finishes.  Lot  us  toll 
you  how  those  qualities  can 
add  importont  salos-appeal  to 
your  products. 

Etched  6  Utfcegrophed  os: 

•  Alsmlanm  •  Brou 

•  IresM  •  Copper 

•  Mesol  •  Nickel  Silver 

•  Stolsless  Stool 

WRITE  FOR  BULLETIN 


,EM1»  MIEIH  fTCHIWW^ 

1-07  S4TH  AVRMUE 


STAMFORD  METAL  SPECIALTY  CO.,  429  W.  BROADWAY, N.Y.12 


7f(cta(  TVoii  ‘Dc'ic'ufUi»» 


ctromefe, 

ilys'  s  to 
y  w  Th» 

8p«^ 

Particle 

Kii.amer 

rsls  with 
Meter,  bj 
!•  F.  Wll. 

the  Con- 
•Yiina,  hr 
e 

tion  De. 
1*1  J.  \v 


. 

you  A  JO& 


Phototubes  are  doing  all  sorts  of  important 
industrial  jobs,  in  all  types  of  industries  .  .  .  speeding  up  pro¬ 
duction  .  .  .  saving  time  and  labor.  Due  to  our  pioneering  and 
intensive  research  in  this  field,  we  are  especially  well 
equipped,  not  only  to  supply  you  with  the  phototubes  you 
need,  but  to  advise  you  on  how  to  use  them  efficiently. 

Without  obligation,  send  for  our  special 
phototul>e  brochure  and  any  information 
vou  need. 


CoTM  <ill  frwquwBciM  b«twMB  44 
and  216  me.  with  ONE  low-coat. 
light-weight  Antennal  Gives  excel¬ 
lent  response  for  all  telerlsion  and 
FM  bonds.  Requires  15%  less  space 
than  any  other  conventional  dipole. 
AsJe  your  rodio  jobber  for 
Premax  Antenna  FMT-2S4. 
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CONTINENTAL  ELECTRIC  CO 


DIV.  CHISHOLM-RYDER  CO.,  INC. 

4110  Highland  Av.  Niagara  Falls,  N.  Y, 


ARGON 
HELIUM 
m  J  KRYPTON 
NEON 
XENON 

and  Standard  or  Special 

MIXTURES 


llNDE  rare  gases  art.  spectroscopically 
pure — argon,  helium,  neon,  and  standard 
mixtures  are  available  it;  one-  and  two- 
liter  glass  bulbs  and  in  cylinders;  xenon 
and  krypton  are  available  in  liter  and 
fractional-liter  bulbs. 


INSTRUHHEMT  HOUSINGS 'PAMaS*  CHASSIS 

Experienced  fobricalion  and  dependable  service 
for  all  types  of  radio  and  electronic  ports.  Send 
us  your  drawings  ond  specifications  for  quotation. 


The  word  "Linde"  is  a  trade-mark  of 
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THERMOPLASTIC  INSULATED 


RADIO  HOOK-UP  WIRE 


Type  SRIR 

Approved  by  the  Army-Navy  Elec¬ 
tronics  Standards  Bureau  (under 
Spec.  JAN-C-76)  for  Radio  Hook-up 
use  where  the  voltage  does  not  ex¬ 
ceed  1,000  V.  Sizes:  24  Solid  to  6 
Stranded. 

Recommended  for  communications 
and  industrial  electronic  control  ap¬ 
plications,  this  wire  has  proved  to 
be  superior  to  push-back  and  rub¬ 
ber  insulated  types  because  the 
Synkote  insulation  is  almost  totally 
impervious  to  water,  oils,  acids, 
alkalies,  sunlight,  cold,  and  fungus 
growths.  It  is  vermin-proof,  un¬ 
usually  resistant  to  abrasion,*  flex¬ 
ing,  and  tearing,  and  will  not 
support  combustion.  In  addition,  it 
has  extremely  high  dielectric  break¬ 
down  strength  and  low  dielectric 
leakage.  In  tests  performed  by  the 
Bureau  of  Ships,  TYPE  SRIR  did  not 
break  down  under  12,000  V. 

To  cut  out  interfering  fields,  it  can 
be  shielded  to  any  specifications 
with  a  braid  of  tinned  or  bare  cop¬ 
per,  woven  (loose  or  tight)  to  any 
specified  degree  of  coverage.  Gauge 
of  shielding  strands  varies  accord¬ 
ing  to  individual  requirements. 

Other,  standard,  approved,  Synkote 
Radio  Hook-up  Wires:  Types  SRHV, 
WL,  and  (Underwriters'  Approved) 
TF,  TFF,  and  Appliance  Wiring  Ma¬ 
terial  are  available  in  both  small 
and  large  quantities  —  shielded,  if 
desired,  to  any  specifications. 

Many  other  types  of  Hook-up  Wire, 
to  meet  special  requirements,  can 
be  manufactured  on  short  notice  — 
in  practically  any  quantity.  For 
complete  information,  consult  our 
Engineering  Department. 

Synkote  Antenna  Wire,  and  Two- 
conductor  Parallel  Cord  (with  solid, 
unbreakable,  molded  plug)  are 
also  available. 

All  Symkote  win  has  aaasyally  toagjh, 
prattitaHy  oge-preof  iasalatioa. 

_ *Reg.U.S.Pot.OH. 
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SALES  end  EXECUTIVE  OFFICES: 
19  WEST  44th  STREET 
NEW  YORK  18,  N.  Y. 

Factory:  Hamburg,  N.  J. 
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chanical  Engineering,  Columbia 
University,  New  York;  vice-presi¬ 
dent,  Herbert  H.  Barnum,  H.  H. 
Barnum  Co.,  Detroit;  treasurer, 
Hugh  E.  Ferguson,  Peoples  Gas 
Light  and  (k)ke  Co.,  Chicago;  and 
executive  secretary,  Richard  Rim- 
bach,  Instruments  Publishing  Co., 
Pittsburgh. 

A  considerable  number  of  the  in¬ 
struments  exhibited  utilize  elec¬ 
tronic  tubes  and  a  number  of  the 
technical  papers  delivered  at  the 
technical  session  contained  refer¬ 
ences  to  electronic  equipment.  These 
included  an  electronic  potentiom¬ 
eter  used  in  turbine  testing,  an  elec¬ 
tronic  dewpoint  indicator  for  mois¬ 
ture  measurement,  a  metals 
comparator,  an  oscillator  circuit  for 
Q-metric  analysis,  radio  telemeter¬ 
ing  equipment  for  aircraft,  and  the 
automatic  recording  spectropho¬ 
tometer  as  adapted  for  chemical 
concentration  measurements. 


F-M  Rebroadcasting 

Network  f-m  broadcasting  with¬ 
out  use  of  long-distance  telephone 
wire  circuits  was  demonstrated  to 
International  Telecommunications 
Conference  delegates  at  Atlantic 
City,  N.  J.  recently.  Programs 
originating  in  Dr.  E.  H.  Arm¬ 
strong’s  f-m  station  W2XMN- 
W2XEA  at  Alpine,  N.  J.  were 
picked  up  by  a  special  receiver  at 
station  WBAB-FM  in  Atlantic 
City,  a  distance  of  116  miles,  and 
rebroadcast  to  the  delegates  a  few 
miles  away.  The  demonstration 
showed  that  high-quality  static- 
free  f-m  broadcasting  in  the  100- 
mc  range  is  not  limited  to  a  30-mile 
line-of-sight  radius,  but  can  be  ex¬ 
tended  over  much  greater  distances 
for  rebroadcast  purposes.  The  en¬ 
gineering  involved  in  setting  up 
the  special  high-fidelity  receiving 
equipment  and  connecting  it  to  the 
wire  lines  was  carried  out  under 
the  direction  of  S.  L.  Bailey  of  Jan¬ 
sky  and  Bailey,  consulting  engi¬ 
neers. 

Changes  in  NBC’s 
Television  Personnel 

To  SPEED  development  of  NBC’s 
nation-wide  television  network  as 


fUlLDHS  OF  COMMUNICATIONS 
IQUIFMBIT,  MIASURINO  INtTRUMLNTS 
FOR  COMMnaAL  AND  INDUSTRIAL  US|, 
AND  OTMIR  ILKTRONIC  DIVICn— F|o. 
DUCTS  WHBII  FRICISION  RlRFORMANa 
LAROILY  DfFINDS  UPON  TMIf  AS  A  FAC. 
TOR  OF  CONTROL  —  KNOW  TNIY 

can  rely  on 

DESIGN 
QUALITY 
ACCURACY 


RUNNING  TIME  METERS 

Synchronous  motor  drlvon.  Rogisiw 
automatically  and  cumulotivoly  totol 
oporating  or  idio  timo  on  circuits,  mg. 
chinos,  systems. 


TIME  DELAY  RELAYS 

Provide  adjustable  or  fixed  time  delay 
botwoon  oporotion  of  a  control  circuit 
and  subsoquont  opening  or  closing  of 
a  load  circuit. 


SYNCHRONOUS  MOTORS 

Pormonont  mognot  typo  for  applications 
requiring  a  constant  speed  at  o  given 
frequency.  Small  size.  30*  ounce 
torque.  Twenty -eight  speeds  from  60 
rpm  to  1/24  rph. 


For  o  wide  range  ol  standard  timen  and  controls., 
or  special  odoptotions  for  specific  applications. .consult 
R.W.  CRAMER  CO.,  Box  No.  3,  Centerbrook,  Conn 


SPECIALISTS  IN  TfAii 

AS  A  FACTOR  OF 

CONTROL 

siNTOVAL  .  DELAY  •  CYCU  •  lAtfULSC 
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The  Quadriga  Manufacturing  Co 
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AIJIbt  ■]  1 1  JtJb  B 1  1  f  J 1  ^JJ  ft  H  S 

LE6RI  0  COMPANY 

"  846-850  Amsterdam  Av 
New  York  25,  N.  Y. 

,  Inc. 

enue 

1 - 

N.W.I.  CUSTOM  MADE 

1  1 

ELECTRICAL 

1 

COILS  &  TRANSFORMERS 

FOR  ELECTRONIC  APPLICATIONS 

m  ^  I 

More  than  20  years  of  special  coil  and  transformer 

1 

manufacturing  for  industry,  laboratory,  research 
and  instrument  makers. 

•  Units  50  VA  to  100  KVA,  25  to  400 

Cyclas  only. 

•  Prompt  Sarvica  on  singla  or  small  lots. 

•  Spacialist  in  spacial  transformars  1 
coils  for  rtsaarch,  aiperimantal  and 
product  davalopmanf  work. 

Nothelfer  Winding  Laboratories 

1  .  i 

9  Albermarle  Ave.  Trenton  3,  N.  J. 

SSaeSSjE 


Vacuum -processed,  gold- 
coated  Bradley  instrument 
rectifiers  increase  equip¬ 
ment  efficiency.  Especially 
designed  for  use  where 
stability  and  permanence 
of  calibration  are  impor¬ 
tant,  '‘Coprox"  rectifiers 
meet  the  most  exacting 
requirements.  Yet  they 
cost  no  more  than  ordin¬ 
ary  rectifiers  —  in  most 
cases,  less. 

Temperature  error. is 
exceptionally  low  with 
Bradley  rectifiers.  Aging 
is  practically  nil.  Pre* 
soldered  leads.  Rating  of 
CX-2E  series  up  to  4.5 
volts  A.  C.,  3  volts  and  5 
milliamperes  D.  C. 


illustrated  literature, 
available  on  request, 
shows  more  models  of 
copper  oxide  rectifiers, 
plus  a  line  of  selenium 
rectifiers  and  photocells. 
'Write  for  'The  Bradley 
Line." 
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IMPROVE  INSTRUMENTS 
AT  LOW  COST 
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HERE  ARE  TWO 

EASTERN 

Single  Stage 
Centrifugal 


well  as  its  sight-and-sound  pro- ' 
gramming,  0.  B.  Hanson,  vice- 
president  and  chief  engineer,  has 
been  named  to  assist  the  executive 
vice-president  in  planning  the  tech¬ 
nical  phases  of  television.  He  will 
supervise  the  building  and  installa¬ 
tion  of  new  stations,  interconnec¬ 
tions,  relays  and  other  engineering 
facilities.  Norman  E.  Kersta,  di¬ 
rector  of  television  operations,  will 
be  in  charge  of  broadcast  opera¬ 
tions  of  the  television  department. 

George  McElrath  has  been  ap¬ 
pointed  director  of  engineering 
operations.  He  will  manage  the 
technical  aspects  of  sound  broad¬ 
casting. 

Filling  the  new  post  of  director 
of  television  engineering  operations 
and  reporting  to  N.  E.  Kersta  is 
Robert  E.  Shelby,  whose  former 
position  as  director  of  technical  de¬ 
velopment  is  now  held  by  George  M. 
Nixon. 


Model  0-6  is  a  compact,  light  weight  cen¬ 
trifugal  pump  designed  for  continuous 
duty  where  small  volume  and  presNure 
are  required.  Pump  and  motor  are 
close-coupled.  An  open  vane  impeller  is 
mounted  on  the  motor  shaft  extension. 
Equipped  with  either  an  easily  adjust¬ 
able  stuffing  box  or  mechanical  rotar\’ 
seal,  the  pump  proper  has  no  bearings. 

Size:  7H'x4H'' 

Weight :  1 1  ^  lbs 
Power:  1/30 

A  Hoys :  Standard 
in  (2ast  Iron, 

Bronze,  Stain-  *l®48l  D-B 
less  Steel,  Monel  Metal,  Hastelloy  C. 
For  quantity  applications,  available 
in  other  alloys. 

Model  F  is  a  heavy  duty  centrifugal 
pump  designed  for  continuous  operation 
in  applications  requiring  sizeable  vol¬ 
umes  or  pressures  with  a  minimum  of 
pump  size  and  weight.  The  heavy  duty 
General  Electric  ball  bearing  induction 
type  motor  may  be  totally  enclosed  for 
general  use  and  explosion-proof  for  use 
with  flammable  liquids  and  vapors. 
This  pump  is  of  the  close-coupled  type, 
motor  armature  and  pump  impeller 
being  mounted  on  the  same  shaft.  It  is 
avaibble  with  either  adjustable  stuff¬ 
ing  box  or  mechanical  rotary  seal. 

Si2e:llJj''x 
61./x6»4' 
Weight:  lbs 

Power:  1/3  HP 
Alloys:  Stand- 
Model  F  ard  in  Clast 

Iron,  Bronze, 
Metal  and 


BUSINESS  NEWS 


Bart-Messing  Corp.,  manufactur¬ 
ers  of  the  Sel-Rex  selenium  recti¬ 
fiers,  have  a  new  plant  over  6,000 


Stainless  Steel,  Monel 
Hastelloy  C.  For  quantity  applica¬ 
tions,  available  in  other  alloys. 


New  Bart-Meseinq  Corp.  plant 


Eastern  Industries  has  engineered  more 
than  3(X)  models  of  small  pumps  for 
industrial  use.  In  addition,  Eastern’s 
experienced  engineering  staff  welcomes 
the  opportunity  to  design  pumps  for 
special  appli- 
cations.  For 
further 

mation  con- 
ceming  any  of 
the  m<^els  in 
the  well-known 
Eastern 
write  for  Bulle- 
Please 
address 
inquiries  to 

Eastern  Industries  Inc.,  296  Elm  St., 
New  Haven,  Conn. 


square  feet  in  area  at  45  Morgan 
Ave.,  Brooklyn,  N.  Y. 


Hermon  Hosmer  Scott,  Inc.,  Cam¬ 
bridge,  Mass.,  has  been  formed  to 
provide  increased  manufacturing 
and  engineering  facilities  for  equip¬ 
ment  employing  the  Dynamic  Noise 
Suppressor,  and  is  taking  over  the 
unfilled  orders  and  inventory  of 
such  items  from  Technology  Instru¬ 
ment  Corp.,  Waltham,  Mass. 


Phiixio  Corporation,  Philadelphia, 
is  offering  formal  licenses  to  all  set 
manufacturers  to  use,  subject  to 
royalties,  its  approximately  700 
patents  and  inventions  in  the  radio 


EASTERN  INDUSTRIES 


NEW  HAVEN,  CONNECTICUT 

Norwalk,  Connecticut Newton,  Mai^^i 
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Tli«  N«w  **LF"  Series 
QUARTZ  CRYSTAL  UNITS 


BASIC  LABORATORY  INSTRUMENTS  BY  KAY 


I’Utcd  qusrti  erriul  oacUlator  uid  resonktor  twn 
mountad  between'  resonant  frequency  pins  and 
hoiued  In  metal  holdert— hermetic  sealing  and 
teniperature  control  optional. 


e  hither  Q 

e  rl|M  ■ountlni 
e  ttleksr  itartini 


e  (table  frequency 
e  moUture  troef 
e  free  from  aaini 


Tts-hnleal  diaracterlsti<v< 

Krequency  range: — 50  kc  to  500  kc 
Frequency  calibration— .01%  to  .002% 
Temperature  ooefliclent — ley/me/*C 
Mounting— preeeure  mounted  between  pine 
which  resonate  at  tbe  crystal  frequency 
Holder  (hermetically  sealed  types) — all  metal 
Holder  (temperature  controlled  types) — low  loss 
phenolic  base  with  spun  aluminum  eorer 
Klectrodes— nickel  plating  on  sllrer  ba.se 
(.'ontaets  (external) — standsr  i  2  prong.  5  prong, 
octal  base  or  lugs 

Temperature  control  (optional) — 6T  beater, 
thermostatically  controlled  within  ±  2*C — 
adjustable  to  any  tenp  4>)’C  to  75*C 

Writt  for  oiditional  information 

CLARK  CRYSTAL  COMPANY 

Marlboro,  Mas*.,  U.  S.  A. 


•  The  MEGA¬ 
SWEEP. 
Wide  Range 
Sweeping 
Oscillator 


•  DISPLAYS 
PASS  BAND 


•  The  MEGA¬ 
MATCH. 

visual  Display 
of  Rolloeted 
Energy. 

•  The  MEGA¬ 
MARKER. 


FEATURES:  Carrier  Frequency — 50  kilocycles  to  500 
megacycles  and  up  .  .  .  Frequency  Sweep — from  30  mega¬ 
cycles  to  30  kilocycles  throughout  the  complete  spectrum 
.  .  .  Continuously  variable  attenuator  .  .  .  Low  amplitude 
MtKiulation  while  sweeping — less  than  0.1  DB  per  mega¬ 
cycle  .  .  .  Precisitm  wavemeter.  Price  $395.  F.O.B. 
factory. 

10  to  250  MC  and  up.  Completely  electronic.  No  slotted 
lines,  moving  parts,  bridges,  or  other  frequency  sensitive 
devfces.  Precision  frequency  meter.  Saves  engineering 
time.  Presents  instantly  data  which  would  take  hours  to 
tabulate.  $695.  F.O.B.  factory. 

Precision  variable  marker  oscillator  having  a  range  of 
19  to  29  megacycles  for  the  television  i.f.  band.  Crystal 
oscillator  for  the  FM  i.f.  band  (10.7  me).  Dial  provides 
over.  12  inches  of  calibrated  scale  length.  May  he  read 
to  accuracies  of  0.02  megacycles.  $60.  F.O.B.  factory. 


KAY  ELECTRIC  CO..  34  Marshall  St.,  Newark  2,  N.  J. 


TaUphoiw:  Markrl  3-4337 
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SMALL  PARTS 

Filaments,  anodes,  supports,  springs,  etc. 
lor  electronic  tubes.  Small  wire  and  flat 
metal  formed  parts  to  yoiu  prints  for  your 
assemblies.  Double  pointed  pins.  Wire 
straightened  and  cut  diameter  up  to  Vk- 
inch.  Any  length  up  to  12  feet. 

LUXON  fishing  tackle  accessories. 
Inquiries  will  receive  prompt  attention. 

ART  WraE  AND 
STAMPING  GO. 

227  High  St.  Newark  2.  N.  J. 


TRANSFORMERS -COILS 

Any  or  all  Type$  built  to  individual  $peeifications 
RESEARCH- DESIGN-PRODUCTION 
Single  Items  or  Quantity  Production 

GOSLIN  ELECTRIC  AND  MANUFACTURING  CO. 

mi  WIST  oiivi  STurr  iuuank,  CAiiwtNiA 


J  Elm  St.,  'I 

TRIES 

CUT 


South  Koaaice  Awomm.  White  PIsiaa.  N.TC 


High  Fidelity 


It't  the  turn  UNIVERSITY  TwoomtI  Bs- 
tcada  tho  raas#  of  aay  com  tpoakM  to 
15,000  cyclos.  Inattll  it  in  roue  proaoM 
cquipnMM  by  stortly  attachiat  two  wins 
lo  tho  voice  coil  tonaiaalt  of  tbe  exiatiac 
•peaker.  witbout  cnaiiiic  aay  electrical  oa- 
halaace.  Siaiply  connect,  liMea  and  eajey. 
Twia  uaiu  provide  100*  hotisoatal  and  90* 
vertical  dieperfion.  Throe  modela  to  choose 
fret  walwui  cabinet  type,  and  aingle  ee 
unnouated  typea.  Pric^  front  $20.00. 
Wrko  today  for  comploto  dotaila  to  UNI- 


ontinuous 
I  pressure 
notor  are 
impeller  is 
extension, 
ly  adjust- 


(Ouue^isitif 


JUST  ANOTHER  TRANSfORMER. 
■  OR  GUARANTEED  ■ 


terminal  performance. 
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receiver,  electrical  phonograph,  and 
television  receiver  fields.  RCA,  G-E, 
and  VVestinghou8e_  have  already 
been  licensed  by  Philco. 


Andrew  Alford,  Consulting  Engi- 
NEERS,  have  moved  their  laboratory 
to  299  Atlantic  Ave.,  Boston  10, 
Mass. 


PLUG-IN  SENSITIVE  RELAYS 


Association  of  Electronic  Parts 
AND  Equipment  Manufacturers 
has  elected  the  following  officers: 
Les  A.  Thayer  of  Belden  Mfg.  Co., 
Chicago,  chairman ;  Charles  Hansen 
of  Jensen  Mfg.  Co.,  Chicago,  vice- 
chairman;  Helen  Stan  Hand  of 
Quam-Nichols  Co.,  Chicago,  treas¬ 
urer;  Ken  C.  Prince,  Chicago  attor¬ 
ney,  executive  secretary. 


NEW  FEATURES  OF  THIS  DESIGN 


•  Fits  octal  sockot 

•  Owtiino  dimansiont:  skov*  sockat. 

Ftatures  of  ALL  SIGMA  Series  41  Relays: 

•  DC  santitivity: — 0.020  watts  (min.  input.) 

•  AC  sensitivity: — 0.1  volt-ampera  (min.  input.) 

One  standard  1 10  volt  AC  modal  draws  about  1.5  milli- 
ampare. 

•  Contact  ratings  up  to  15  amperes  on  low  voltage. 

W  High  quality  construction — mechanically  rugged. 

•  Very  low  cost.  A  wide  range  of  standard  adjustments  for 
this  and  other  Sigma  relays  is  now  available — See  your 
jobber  or  write  direct. 

SIGMA  tales  aad  •neinaatine  dapartnaate 
MliM  li  I  — ^  '••dy  ta  giva  year  relay  prebleMt  proMpt 

PUlljy  a.aly.i.a.d  action. 


PERSONNEL 

James  R.  Rinke  is  now  chief  engi¬ 
neer  at  Potter  &  Brumfield  Manu¬ 
facturing  Co.,  Princeton,  Indiana, 
manufacturers  of  electrical  relays. 
He  was  formerly  in  charge  of  devel¬ 
opment  of  vibrator-type  power  sup¬ 
plies  and  converters  at  Electronic 
Laboratories,  Inc.  of  Indianapolis. 


\^JE/nd^CUUhe,  RELAYS 

62  Ceylon  St.,  Boston  21,  Mass. 


James  T.  Watson,  former  president 
of  Meissner  Mfg.  Co.  and  until 
recently  manager  of  the  Meissner 
Division  of  Maguire  Industries,  is 
now  a  member  of  the  board  of  di¬ 
rectors  of  Potter  &  Brumfield  Manu¬ 
facturing  Co.,  Princeton,  Indiana, 
electrical  relay  manufacturers. 


Type  C-2000 
For  impact  ab¬ 
sorption  and 
isolation  of 
higher  fre¬ 
quencies 


Henry  Butz  was  appointed  chief 
engineer  of  the  Nelson  Electric 
Corp.,  Santa  Monica,  Cal. 


Control  of 

VIBRATION  and  IMPACT 


R.  C.  Mason,  on  leave  of  absence 
from  the  atomic  energy  project  in 
Oak  Ridge  for  the  past  year,  was 
named  manager  of  the  electro-phy¬ 
sics  department  of  Westinghouse 
Research  Laboratories  in  Pitts¬ 
burgh,  Pa. 


.  .  .  with  special  emphasis 
on  the  field  of  electronics 

We  offer  a  complete  line  of  highly  engineered 
Vibration  and  Impact  isolators  for  coniinercial,  in¬ 
dustrial  and  military  applications  .  .  .  also  an  Engi¬ 
neering  consulting  service  on  special  problems. 


Paul  Weathers,  after  16  years 
with  RCA,  is  now  vice-president  and 
chief  engineer  of  Airdesign,  Inc. 
of  Upper  Darby,  Pa. 


A  letter  from  you  nill  give 
U8  the  opportunity  to  dem¬ 
onstrate  how  we  can  help 
you. 

Catalogue  on  Request 


Hugh  L.  Dryden  has  left  the  Na¬ 
tional  Bureau  of  Standards  to  be¬ 
come  director  of  research  for  the 
National  Advisory  Committee  for 
Aeronautics.  He  played  an  impor¬ 
tant  part  in  the  development  of  the 
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MAIL  COUPON  rOR  TREE  BOOKLET 


From  Milliwatts 
To  Kilowatts 


To  simplify  the  solution  of  .your  AC-DC  power  re¬ 
quirements,  Benwood-Linze  offers  you  a  quarter  cen¬ 
tury  of  development  and  research  experience  in  the 
field  of  metallic  rectifiers  and  their  applicatioru 

Tell  us  your  problems.  Consult  us  without  obligation. 


Vofit  Let  Others  htt  ^ 
OUT  of  the  “Picture! 

Here’s  How  CREI  Prepares  You 
NOW  for  a  BETTER  JOB  and  a 
SECURE  CAREER  in 

RADIO-ELECTRONICS! 


Manufacturers  of  Selenium  and  Copper 
Sulphide  rectifiers,  rectifier-transformer  as¬ 
semblies  and  AC-DC  power  supply  units 
for  every  requirement. 


ADD  CREI  Technical  Training  ta  Yaur 
Present  Experience — Then  Get  That  let¬ 
ter  Radio  Job  You  Want — Make  Mere 
Money— Enjoy  Security 

Never  before  have  men  like  you  had  so  many 
chances  to  $c»  into  brand  new  jobs  in  brand  new 
fields.  FM,  Television,  Facsimile  and  other  elec¬ 
tronic  communications  svstems  for  both  govern¬ 
ment  and  industry  will  require  thousands  of 
highly  trained  expert  radio  communications  engi¬ 
neers  and  technicians. 

NOW  is  the  time  to  take  the  time  to  pre^re 
yourself  for  these  imponant  career  jobs.  CREI 
home  study  training  can  show  you  the  way  by 
providing  you  with  the  "tools”  with  which  to 
build  a  firm  foundation  of  ability  based  on  a 

filanned  program  of  modern  technical  training, 
n  our  prov^  method  of  instruaion  you  learn 
not  only  how  but  why !  This  is  real,  honest-to- 
goodness  practical  engineering  training  that  leads 
to  better  jobs  and  more  rapid  promotions.  It 
costs  you  nothing  to  read  the  interesting  faas. 


THE  BENWOOD-LINZE  CO 


Division  of  the  Sperry  Corporation 


1815  Locust  Si 


Long  Distance  Telephone  CEntral  5830 


LABORATORY  TEST  EQUIPMENT 

by  FREED 


deserlpHva 

Literature 


FREE  SAMPLE  LESSON 


Now.  see  for  yourself !  Mail  the  coupon  for  free 
sample  lesson  and  sec  how  simple  it  is  to  study 
at  home  and  improve  your  ability  the  CR£1  way. 
"ELECTRON  PHYSICS  AND  ELECTRON  THEORY" 
— This  interesting  lesson  from  the  Radio-Electron¬ 
ics  course  discusses  modem  theories  of  the  com¬ 
position  of  matter  including  atomic  energy,  and 
their  relation  to  present-day  radio  and  electronics. 
"PICK-UP  TUBES— ICONOSCOPE  AND  IMAGE 
DISSECTOR  TUBES" — An  informative  lesson  from 
the  Television  course.  These  are  the  fundamental 
pick-up  tubes  of  the  television  camera.  It  pre¬ 
cedes  the  study  of  the  Orthicon  and  the  Image 
Orthicon. 


Direct  Readini  No.  1050  60  No.  1040 

or  up  to  Cycle  Filter  Wide  Range 

metohms.  Self  Vacuum  Tube  Voltmeter 

AC.  Operated  ..  ..  w  « 

I  COMPANY,  INC.,  72-78  Spring  Street.  N.  Y.  C. 


MAIL  COUPON  FOR  FREE 
BOOKLET  &  SAMPLE  LESSON 


^re^erred 


as  a  source  of  pre- 
cislon  -  made 
WASHERS  and 
STAMPINGS 
manufactured  to 
your  specifications 


CAPITOL  RADIO  ENGINEERING  INSTITUTE 
16th  A  Park  Road.  N.W.,  Dept.  E-l  I,  Wash.  10.  D.C. 
Mail  me  ONE  FREE  sample  lesson  and  your  24- 
page  booklet,  "CREI  Training  for  Your  Better  Job 
In  Radio  Electronics".  I  am  attaching  a  brief 
restune  of  my  radio  experience,  education  and  pres¬ 
ent  position. 

CHECK  □  PRACTICAL  RADIO  ENGINEERING 
ONE 

COLTISE  □  PRACTICAL  TELEVLSION  ENG. 


CUP  WASHERS 
for  Binding  Screws 

WHITEHEAD  STAMPING  CO 

1691  W.  Lafayette  Blvd.  Detroit  16.  Michiga 


STREET 


zont: 


□  I  am  entitled  to  training  under  tbe  G.  I.  Bill. 
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Uh  IMt  INOUSTRY 


r  A 
HIGH  VOLTAGE 
POWER  SUPPLY 


#BlO^— Provides  from  1  KV  to 
5  KV  D.C.  at  1  ma.  for  Tele¬ 
vision  Nuclear  Research,  etc. 

External  power  required  6.3V 
60  cycle  A.C.  and  250V  D.C. 

Entirely  enclosed  in  Aluminum 
Case....3%‘x4Vx4y4  high 

Other  voltoges  available 
#B101-10  KV  •  #8102-30  KV 

Laboratory  models  available  for 
prompt  shipment.  Inquiries  for 
production  runs  ore  solicited. 

Predsion  manufacturers  of  all 
types  of  IF  and  RF  coils, 
chokes,  and  transformers. 


ESSEX 

ELECTRONICS 

Berkvity  Heights,  New  Jersey 


•HAT,  the  only  successful  guided  j 
missile  used  during  the  war.  I 

!  H.  C.  Carroll  has  been  promoted  to  | 
j  engineer  in  charge  of  General  Elec-  ; 
j  trie’s  Marine  and  Aeronautics  Engi- ! 
'  neering  Division.  i 


H.  C.  Carroll 


A.  A.  Ward. 


A.  A.  Ward  has  been  promoted  from 
vice-president  of  Altec  Lansing  to 
vice-pre.sident  in  charge  of  manu¬ 
facturing  of  the  .41tec  Service  Corp., 
New  York  City. 

W.  L.  Barrow,  at  one  time  on  the 
MIT  electrical  engineering  staff,  is 
the  newly  appointed  chief  engineer 
of  Sperry  Gyroscope  Co.,  Inc.,  Great 
Neck,  N.  Y. 


M.  W.  Scholdori 


W.  L.  Borrow 


A  Valpey  Specialty: 
To  Meet  Yeur  Needs  in  ALL 

Ultrasonic 

Applications 


M.  W.  SCHELDORF,  co-inventor  of  the 
;  circular-loop  f-m  antenna,  after  19 
years  with  General  Electric,  has 
;  joined  Andrew  Co.,  Chicago,  as  head 
of  engineering  research.  He  will  be 
in  charge  of  the  development  of  new 
antennas,  transmission  lines,  and 
i  other  related  items. 

!  Stanley  Glaser  was  appointed 
manager  of  the  radio  section  of  the 
;  Crosley  Division,  Avco  Manufactur¬ 
ing  Corp.,  Cincinnati,  Ohio. 

Walter  Remberg,  who  developed 
the  vacuum-tube  acceleration  pickup 
which  depends  on  the  internal  vibra¬ 
tion  of  a  vacuum  tube  to  measure 
changes  in  acceleration  of  vibrating 
parts  of  an  aircraft  in  flight,  was 
appointed  chief  of  the  Mechanics 
Division  of  the  National  Bureau  ol 
Standards. 


'X'  ^ 

V 

W 


Special  Cuf  Crystals 
from  30KC.  to  30  MC. 

With  or  without  Mlverod  electrodes. 
Dimensione  to  your  specilications. 
FREE  literature,  prices  on  request 

VALPEY  CRYSTAL  CORP. 

Helliston,  MassoeliuseHs 
CraHtmenthip  Is  CrytfoJt  Since  193) 


Solves  the  Problei  of 
Mailing  List  Maintenance! 

Probebly  eo  ether  orgenixetlon  It  et 
traN  eoeipped  et  Mc^rew-Hill  to 
lelet  the  cempllceted  problem  of 
M  meteteeeece  deriiiq  ffcit  period 
of  eeperelleled  chenge  In  tedutfrie! 


McOrew-HIII  Meillno  UtH  cover 
meet  meior  ledutfriet.  They  ere  com- 
fr<m  eadutlve  tourcet,  end  ere 
beeed  en  kundredt  of  fhoutendt  of 
meR  qeetHonneiret  end  the  reporft 
et  e  neflen-wlde  field  tteff.  All  nemet 
ere  geerenteed  eccurete  within  2%. 

¥fhen  plenninq  your  direct  mell 
edvertitinq  end  telet  promotion,  con- 
elder  thli  unique  end  economlcel  eerv- 
Ice  In  reintlen  to  your  product.  Oetallt 


>|8SRAW-HIIL 

DtttfrHAILUST  StRViei 


McBrtw-HHi  PPblisbiig  Ct.,  Ik. 

DIRECT  MAIL  DIVISION 
,  130  Weet  42nd  St..  New  York,  It.  N.  Y. 
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may  put  Johnny  through  college 


Here’s  how  it  works  out: 

$3  put  into  U.  S.  Savings  Bonds  today  will 
bring  back  $4  in  10  years. 

Another  $3  will  bring  back  another  $4. 

So  it’s  quite  right  to  figure  that  3  plus  3  equals 
8  ...  or  30  plus  30  equals  80  ...  or  300  plus 
300  equals  800! 

It  will . . .  in  U.  S.  Savings  Bonds.  And  those 


bonds  may  very  well  be  the  means  of  helping 
you  educate  your  children  as  you’d  like  to  have 
them  educated. 

So  keep  on  buying  Savings  Bonds — available 
at  banks  and  post  offices.  Or  the  way  that  mil¬ 
lions  have  found  easiest  and  surest — through 
Payroll  Savings.  Hold  on  to  all  you’ve  bought . 

You’ll  be  mighty  glad  you  did  ...  10  years 
from  now! 


SAVE  WE  EASY  WAY...  BUY  YOUR  30HDS  THROUGH  PAYROLL  SAVWGS 


Contributed  by  this  magazine  in  cooperation 
with  the  Magazine  Publishers  of  America  as  a  public  service 
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for  sfudio  •  laboratory  •  mar}ufacturer 


THE  ALLEN  MFC.  COMPANY 


CONNECTICUT,  U.  t.  A 


NEW  BOOKS 


Radar  System  Engineering 

Volume  I  of  the  MIT  Radiation  Lab¬ 
oratory  Series,  edited  by  LOUIS  N. 
Ridenour  and  written  by  S2  authors. 
McGraw-Hill  Book  Co.,  New  York, 
19U7,  750  pages,  $7.50. 

Just  as  even  in  war  it  takes  a  long 
time  to  design  and  build  radar  sets, 
so  even  in  peace  it  takes ^  a  long 
time  to  write  and  publish  a  tech¬ 
nical  book.  The  first  volume  of  the 
history-making  library  known  as 
the  Radiation  Laboratory  Series  is 
an  example.  So  difficult  is  it  to  get 
things  done  today  that  a  full  year 
must  elapse  between  the  time  a 
good-sized  manuscript  is  received 
and  the  time  printed  copies  are 
ready  for  readers.  The  editor’s 
preface  for  this  volume  was  written  | 
in  June  1946;  the  book  appeared  in  [ 
the  middle  of  1947.  | 

The  whole  project  for  widely  dis-  | 
tributing  the  important  facts  and 
data  developed  during  the  life  of 
the  Radiation  Laboratory  has  an 
interesting  history,  one  which  will 
never  be  published.  The  essential 
facts  are  that  plans  for  the  Series 
were  made  in  the  fall  of  1944;  a 
large  staff  of  RL  men  was  chosen 
to  prepare  the  manuscripts  and 
drawings,  and  actual  work  began 
about  a  year  later.  What  started 
out  to  be' a  few  books  on  microwave 
theory  and  techniques  began  to 
grow  until  material  for  28  volumes 
was  prepared.  The  concept  of  pub¬ 
lishing  this  data,  developed  in  deep 
secrecy,  was  bold  and  its  execution 
was  not  without  difficulty,  what 
with  security  problems,  ideas  about 
government  property  and  govern¬ 
ment  expense  and  whatnot — not  to 
leave  out  the  vast  investment  to  be 
made  by  the  publishers. 

But  the  essential  fact  remains 
that  out  of  all  the  work  carried  out 
by  thousands  of  scientists  and 
engineers  during  the  war,  both  in 
and  out  of  the  OSRD,  only  about 
100  volumes  will  be  published  and 
of  these  less  than  50  will  be  distrib¬ 
uted  so  that  their  contents  will  be 
available.  Except  for  the  RL 
Series,  a  great  bulk  of  the  wartime 
developments  in  all  branches  of 
technology  is  locked  up  in  the  files, 
practically  unobtainable;  even  the 
books — again  excepting  this  radar 
library — will  be  difficult  to  see. 

The  Radiation  Laboratory  Series 


Equipment 


20  Mcgocycfe 

VIDEO  AMPLIFIER 


Supplied  In  a 
portabla 

X  I4%". 
comiEts 

low  ca> 

powar 

liar  U 

Fraqaaacy 

winiIr  ±  f*/i 

db  ♦rom  100  %.  ^ 

c  p  >  to  2  0  ~ 

M€.* 

Input  Impadanca.  a)  Proba:  12  MMF  470000 
ohms. 

b)  Input  Jack:  30  MMF  +  470000  ohms. 

Output  Impadanca.  18  MMF  4*  470000  ohms  aach 
sida  push  pull. 

Max.  Input  Voltaga.  500  Volts  paak  to  paak  with 
proba. 

Max.  Output  Voltaga.  120-  Volts  paak  to  paak  (push 
pull). 

*Low  fraquency  ranga  axtandad  par  spacifications. 


Hex-socket  screws 
in  numbered  sizes 

extra- dependable 

for  electronic  devices 


Calibrate  your  ‘Scape  fa  T%  with 

Voltoscope 


Tiny  hex-socket  Cap  Screws  and  Set 
Screws  steeled  to  stand  amazingly  tight 
set-ups.  Cap  Screws  in  the  numbered 
sizes  from  I  to  10  inclusive;  Set  Screws 
from  No.  2  to  10. 


voit- 

agas  — 

to 

AC 

adaptabla 
for  maka 
osci  I  loscopas. 
No  warm-up 
tima  makas  tha 
SjSBg  Voltoscopa 
raady  for  im- 
madiata  usa. 

A  salf-containad  instrumant — no  biggar  than  your 
hand.  Fool-proof — no  tubas. 


The  Cap  Screws  are  Allen  "pressur- 
formd”  for  maximum  strength  of  head 
and  socket.  This  process  makes  the 
steel -fibres  conform  to  the  shape  of  the 
head,  —  no  cut  fibres.  Threads  also 
formed  by  pressure-process  to  a  high 
Class  3  fit,  ensuring  a  high  degree  of 
frictional  holding-power. 

The  Set  Screws  have  die-cut  threads 
accurate  to  a  high  Class  3  fit,  with  per¬ 
fectly-formed  hex  sockets.  The  screws 
can  be  held  on  either  end  of  the  handy 
hex  keys  and  turned  into  the  tapped 
hole  without  fingering.  Allen  Hand 
Drivers  are  available  to  facilitate  fast 
assembling. 

In  radio  and  television  sets,  radio 
telephones,  radar  equipment,  elec¬ 
tronic  controls,  these  screws  HOLD 
fine  adjustments  and  intricate 
assemblies. 


Dual  hegulated 

D.  C.  POWER  UNIT 


Two  indapond- 

•ntly  ^  *1 

powar  ^  .1 

t  o  m  a  a  t  ra-  .  'BBpIff  * 

quirama  . 

w  h  a  r  a  closa 

ragulafion  and  AHkjQlP  ' 

low  rlppla  con-  • 

fanf  ara  Impor-  IB  I  ^HB 

mW^  ^ 

tanf.  Mounts  In  11/^  ■ 

typa  ralay  rack  « 

Each  Powar 

Unit  has  its  own  powar  switch,  fusas,  pilot  light, 
and  voltaga  control. 

Specihcatlons: 

a  IIS  Volts  AC  50  60  cps  •  250-300  DC  Volts  a 
400  DC  MA  aach  unit  a  Rippla  lass  than  0.005%  • 
Impadanca  lass  than  I.SO  ohms. 


Order  of  your  total  Industrial  Distributor 


9  FERRY  STREET,  NEW  YORK  7,  N.  Y. 
Talavisien  enginaars  and  consultants  to 
tha  nation's  graat  talavision  stations. 
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new  IOOKS  (continuad) 

therefore  is  a  remarkable  undertak¬ 
ing,  in  fact,  a  monument.  Volume 
I  deals,  quite  properly,  with  the 
broad  radar  picture,  describing  the 
components,  the  subassemblies,  and 
the  numerous  radar  systems.  Al¬ 
though  the  subject  matter  is  tech¬ 
nical  the  editor  of  the  volume  is 
correct  when  he  says  in  his  preface  ■ 
“no  special  mathematical,  physical, 
or  engineering  background  is 
needed  to  read  and  understand  this 
book,”  although  it  is  barely  possible 
that  he  has  perpetrated  one  of  the 
greatest  understatements  of  the 
technical  world  when  he  says  that 
“radar  is  a  very  simple  subject.” 

The  complexity  of  radar,  the 
fascination  of  the  things  radar  can 
do,  the  sidelights  on  its  history  and 
usage  one  finds  in  this  volume,  the 
truth  that  unbelievably  complicated 
electronic  circuits  were  developed 
complete  and  ready  to  go  during  the 
short  life  of  the  Radiation  Labora¬ 
tory — the  fact  that  this  book  is 
interesting  to  read  as  well  as 
worthwhile  from  the  technical 
standpoint  —  all  indicate  that 
Volume  I  should  rank  high  on  engi¬ 
neers’  purchase  orders. 

Only  the  chapter  headings  can  be 
enumerated  here — the  radar  equa¬ 
tion,  properties  of  radar  targets, 
limitations  of  pulse  radar,  c-w 
radar  systems,  gathering  and  pre¬ 
sentation  of  data,  employment  of 
radar  data,  radar  beacons,  anten¬ 
nas,  scanners  and  stabilization,  the 
magnetron  and  pulser,  r-f  compo¬ 
nents,  radar  receivers,  indicators, 
power  supplies,  system  design,  mov¬ 
ing  target  indication,  radar  relay. 

The  last  two  chapters  present 
material  hitherto  unpublished. 
Here  and  there  in  this  large  book 
one  gets  glimpses  of  other  items, 
paragraphs  and  chapters  of  radar 
history,  and  techniques  and  appli¬ 
cations  that  are  new  to  most  and 
which  will  be  useful  as  a  technical 
storehouse  for  a  long  time. — K.H. 


TUNED-RIBBON  Pick- 
up  model  SA-79 
( Actual  «*e — Special) 
STl  DIO  arm  not  shown 


•  A  model  for  every 
purpose 


ADMIRABLY  this  revolutionary  NEW  line  by  Audax 
bears  out  the  business  maxim: — 


‘LOOK  TO  THE  LEADER  FOR  LEADERSHIP* 


Alternating  Currents 

By  Chester  L.  Dawes.  McGraw-Hill 
Book  Co.,  Inc.,  Xew  York,  N.  Y.,  19U7, 
F oiirth  Edition,  708  pages,  $5.00. 

This  fourth  edition  contains  much 
new  material,  especially  on  elec¬ 
tronic  topics  such  as  dynamic  meas¬ 
urements,  frequency  modulation, 
selenium  rectifiers,  ignitrons,  and 
electronic  motor  control. — J.M. 


AUDAK  COMPANY 


500  Fifth  Avenue  New  York  18 

CBEATOBS  OF  FINE  ELECTRO- ACOUSTICAL  API’ARATl  S  SINCE  1913 
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THE  MILFORD  RIVET  &  MACHINE  CO 

859  Bridgeport  Ave.  ~  1002  West  River  Si.  . 

MILFORD,  CONN.  ELYRIA,  OHIO 


Backtalk 


This  department  is  oper¬ 
ated  as  an  open  forum 
where  our  readers  may 
discuss  problems  of  thi^ 
electronics  industry  or 
comment  upon  article^ 
which  ELECTRONICS 
has  published. 


EDGEWISE^ 
WOUND 
COPPER  STRIP 
ft  COILS 

(Steatite  or  Glass 
Bonded  Mica  Insulated) 


Triode  Versus  Pentode 
Dear  Editor: 

Articles  published  by  Electronics 
in  recent  months  indicate  that  at 
least  a  small  group  of  engineers  are 
aware  that  radio  can,  and  should, 
bring  the  listener  reasonably  faith¬ 
ful  reproduction  of  the  speech  or 
music  transmitted.  It  seems  timely 
to  suggest  that  we  "go  ahead  by 
going  back” — back  to  triodes. 

It  has  long  been  the  contention 
of  the  writer  that  the  tube  manufac¬ 
turers  could,  if  they  were  gently 
prodded,  produce  a  small  triode 
capable  of,  say,  two  watts  undis¬ 
torted  output,  with  little,  if  any, 
higher  grid  excitation  necessary 
than  is  comrhon  to  pentodes.  To 
forestall  possible  comment,  it 
should  be  noted  that  two  watts  of 
triode  power,  using  a  loud  speaker 
load,  actually  means  two  watts  of 
useful  power,  in  contrast  to  the 
fraction  of  rated  power  that  can  be 
obtained  from  a  pentode  or  beam 
tetrode  without  excessive  distortion, 
at  even  moderately  high  frequen¬ 
cies. 

Congratulations  to  Electronics 
for  its  efforts  to  further  the  cause 
of  better  sound  reproduction. 

Worcester  Bowen 

Barttovo ,  Calif orn  la 


No  size  linitatiens — custom  built  for  specific  opf^icutioiiS 

These  larRe  B  &  W  coils  are  popular  for.  tank  , 
circuits,  antenna  matching  networks  and  similar 
applications  where  rugged  dependability  must  be 
combined  with  design  adaptability  to  meet  in¬ 
dividual  conditions.  Custom  built  units,  based  on 
standard  B  &  W  designs  are  available. in  either 
fixed,  tapped  or  continuously  variable  types  and 
with  either  fixed  link  or  fixed  variable  link  in 
any  combination.  Send  details  of  your  application 
fur  recommendation  and  quotation. 


"  What  can  be 
done  with 

COLD  FORCING 

and  supplemental  ^ 
operations?  ^ 


formurly  scr#w-in«l 


example 


Pulse  Technique 
Nomenclature 

Dear  Sirs: 

There  appears  to  be  some  confusion 
in  the  minds  of  many  people  (even 
some  engineers)  concerning  the  use 
'radar”.  There  is  a 


Eye^ipener  savings !  As  high  as  Since  many  parts  now  screw 
67%  not  uncommon.  25%  to  machined  can  be  cold-headed, 
40%  an  every  day  occurrence,  why  not  investigate?  First 
Milford  equipment  for  cold-  step:  send  sample  part  or  fas- 
heading  —  and  experience  —  are  tener.  Milford  engineers  will 
unsurpassed;  have  cut  costs  for  ■  carry  on  from  there.  No. 
others,  can  cut  costs  for  you.  obligation. 


of  the  word 
tendency  to  lump  all  microwave  and 
navigational  systems,  particularly 
those  employing  pulse  techniques, 
under  the  umbrella-title  of  radar. 

I  should  like  to  suggest  a  system 
.  .  .  there  would  be  three  broad 
headings,  relating  to  systems  oper¬ 
ating  in  the  fashion  indicated: 

1.  Radar  includes  systems  em- 


InqwirMt  moir  ol«e  b*  oddraiud  lo  our  tubtidlaryi 

THE  PENN  RIVET  &  AAACHINE  CO.,  PHILADELPHIA  33,  PENNA. 
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i  *  SODERING 
f  BRAZING  &  WELDING 

I  I  MUN  C0.INC.CIiiia9*3l,  III. 


ELECTRON  TUBE 
MACHINERY 
OF  ALL  TYPES 

STANDARD 
AND  SPECIAL 
DESIGN 


tVe  speciality  in 
Equipment  and  Methods 
for  the  manufacture  of 

RADIO  TURES 

CATHODE  RAY  TURES  « 

FLUORESCENT  LAMPS  1 

INCANDESCENT  LAMPS 
NEON  TURES 
PHOTO  CELLS 
X-RAY  TUBES 
GLASS  PRODUCTS 

Production  or  Laboratory  Basis 


FOR  SALE 

8-HEAD  STEM  AND 
ELECTRODE  MAKING 
MACHINES 

2-3  w*«k  daUTory.  For  completo  datails 
contact: 

HAYDU  IROTHERS.  Momifacfiirers 
Plalnilold,  N.  3. 


CONTACTS 


Kohle  ENGINEERING  CO; 

1309  SEVENTH  STREET 
NORTH  BERGEN,  N.  J..  U.  S.  A. 


Section 


supplements  other  advertis¬ 
ing  in  this  issue  with  these 
additional  announcements 
of  products  essential  to 
efficient  and  economical  op¬ 
eration  and  maintenance. 
Make  a  habit  of  checking 
this  page,  each  issue. 


UNiNitiMturito  ranAKi 

Tw>^m*|up**l2ka<in|CWw«M«  MSTANTA* 

tTaUpkoiwIUcordinqi  rtAT-M 

'HUS  Ririoewcu  CO..imc.  hi  nOAOWAT.N.TJ 


FINE  RIIBONS 
OF 

TUNGSTEN  aad  MOLYBDENUM 

Quality  and  accuracy  in  our  iabrieo- 
tion  of  Tunqsten  &  Molybdonum  Rib¬ 
bon*  hoTO  charoctorizod  our  sorrico 
to  the  Electronic  industry. 

4  development  ot 


MICROMETER 

FREQUENCY 

METER 


lor 

ChooUai 
Tranmlttort 
from  100  Ke  to  175  Me. 
witliln  0.01  *or  oont 

LAMPKIN  LABORATORIES 

Brademtem,  Ptm.,  U.  S.  4. 


H.  CROSS  Co 


Solve  Wire 
Stripping 
Problems  with 
i "SPEEDEX" 


Specializing  in 
High  Voltage  Filament  and  Plate 
Transformers  for  Electronic  Projects 


Classified  Advertising  Division 


“At  IT  MAUS” 

Tho  faaMM  “Sooodox”  Wlro  Strtppor  ooaslolo 
with  7  lotorohanioaMo  bladoo  for  ^**liia  My 
tiro  wlro  from  No.  S  to  No.  30  will  ho  tho  hMdIoot 
tool  I*  tho  ihof.  Strlw  800  to  1000  wiroo  tor 
hom^-ctttt  wirot  too.  JmiI  proot  tho  hMdIo  and 
tho  Joh  It  dono.  For  uto  with  Mild  or  ttrmndod 
wiroo.  Write  today  for  eotAlo*  of  3.000  oIm- 
tranlo  arodiicti. 

GENERAL  CEMENTmfg  co. 

ROCKFORD,  ILLINOIS.  U.  S.  A. 


ELECTRONICS 


ELECTRONIC  EQUIPMENT 

Custom  Built 
for  Your  Job 

RUCK  ENGINEERING  CO.,  lac. 
37  Mercy  St.  Freehold,  N.  J. 
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Just  Out! 


PANALYZOR 


IheOKinomplete  l)p.lo-lhs  m,n«le 
,l„|05  of  Rodio  Parts  ■  St's  •  kmplrfiets 
„,e,s  .  Hans  Sec.  ■  Elerl'“»'<  Ertarpr"*"' 
ul^.i  rouDon  for  FREE  Copy 


kilocycles 


RADIO  CORPORRTION 


Eictutrvf  Catsadton  ■•prtitnfativt:  Conadion  Morioni,  ltd. 


(continued) 

radio  frequency  energy 
source  transmitting  in  a  preferred 
direction  toward  a  passive  object  j 
(target),  which  scatters  the  radia- 1 
tion  incident  upon  it.  A  fraction  of  ■ 
the  scattered  energy  is  then  de-  j 
tected  by  a  receiver,  usually  at  the 
same  location  as  the  transmitter. 

2.  Racon  (radar  beacon)  systems 
employ  an  interrogating  trans¬ 
mitter,  the  signal  from  which  is  de¬ 
tected  by  a  receiver  at  a  second  lo¬ 
cation.  This  signal,  after  suitable 
processing,  then  actuates  a  trans¬ 
mitter  that  replies  with  a  signal 
bearing  appropriate  information 
(the  answering  signal  need  not  em¬ 
ploy  the  same  wavelength  as  the  ’ 
interrogating  signal).  The  answer¬ 
ing  signal  is  then  detected  by  a  re¬ 
ceiver  at  location  of  interrogator. 
Examples  are  Oboe  and  Shoran. 

3.  One-way  navigational  systems  i 
employ  a  system  of  transmitters  j 
that  establish  a  grid  system  in  i 
space  for  use  by  anyone  having  the 
necessary  receiving  equipment.  Ex¬ 
amples  are  Loran,  Gee,  and  Decca. 

Under  this  classification  distinc¬ 
tion  is  made  between  systems  em-  , 
1  ploying  an  echo  from  a  passive  tar-  i 
get  (radar)  and  those  depending ! 
upon  a  triggered  reply  from  a  sec¬ 
ondary  system  (racon)  ;  and  finally 
the  navigational  systems  involving 
transmission  of  energy  in  only  one 
direction  are  considered  to  be  sepa¬ 
rate.  Obviously  one  type  of  system 
can  perform  part  of  the  function  of 
another;  for  instance,  a  radar  sys¬ 
tem  commonly  provides  a  major 
fraction  of  the  components  at  the 
interrogating  end  of  a  racon  system. 
Also,  radar  systems  function  as 
navigational  systems.  This  large 
degree  of  overlap  does  not  alter  the 
fact  that  there  are  two  functions  to 
be  performed,  and  that  there  are 
some  major  differences  in  the  man¬ 
ner  of  operation. 

Donald  E.  Kerr 

ilasgacfiuKttts  In»titute  oj  Technology 
<  'll  m  brill ge,  MiihuiicIi  usetts 


BACKTALK 


Eliminates  tedious,  time  consum¬ 
ing  point  by  point  frequency 
checks.  It  shows  simultane¬ 
ously.  in  one  complete  picture, 
an  FM'd  carrier  and  resultant 
sidebands  ...  in  terms  of  rela¬ 
tive  frequency,  amplitude  and 
stability. 

SlOCMMDS 
SPREAD 
use  AEART 


Resdy  now— the  erreatest,  latest  com¬ 
plete  presentation  of  radio,  electronic 
and  t^vision  equipment  and  supplies 
in  Concord  history  I  Packed  from  cover 
to  cover  with  thousands  of  items  — 160 
pagres  of  everything  in  Radio  and  Elec¬ 
tronics.  Special  bargain  section  of  hun¬ 
dreds  of  money-savins  values.  Scores 
of  NEW  ITEMS  from  famous  makers. 
Hail  coupon  for  FREE  copy  at  once! 


CARRIER 

LEVEL 


PREOUEMCV  pISTRISUTlON 
modulatiomb  stumetsical 

A  single  observation  enables 
determination  of  such  perform¬ 
ance  details  as  frequency 
deviation,  energy  distribution, 
sideband  content,  carrier  shift 
and  modulation  symmetry  .  .  . 
Operating  procedures  are  sim¬ 
ple  . . .  interpretations  clear  cut. 

Actually,  the  PANALYZOR  is  a 
panoramic  spectrum  analyzor 
which  shows,  distributed  in  fre¬ 
quency,  discrete  quantities  of 
r-f  energy  as  vertical  deflections 
on  a  cathode-ray  tube. 

Standard  models  now  available 
with  maximum  scanning  widths 
of  50  KC  to  20  MC  and  corre¬ 
sponding  resolutions  of  2.5  KC 
to  100  KC. 

Write,  wire  or  phone  now  for 
recommendations,  specifications, 
prices  and  delivery  time. 


SPEAKERS 

with  3  ohm  VC*  at  raal  bwys 
XIBORR.  6*  Round 

FM . *1.14 

XIBIM.  4’x6‘  Oval 
Alnico  V  FM  .  *1.1* 
XtB2IW.  4*  Dynamic 
450nneld  .  .  .  *1.2* 


RFSDC  Meter  Values 

0.4  Amp.  RF.  Built-in  ther¬ 
mocouple.  GE  type  DN- 
66.  2  '-i'  round. 

XieaiN  — Bach  .  B1.M 
0-36  V  DC.  Red  mark  at  28.5 
V.  Simpson  type  K2S.  2H’ 
round.  BB420B .  *1.M 


ELECTROLYTICS 


All  Nmtionally  Known  Makos 

Nombm-  Mf.  WV  Each  Number  Mf.  WV  Ewrh 

Xt»4M  8  460  24c  XltSM  20-80  160  42c 

XISSM  8.8  460  3»c  XI40M  40  460  CSc 

Xtt4M  10  460  27c  XACIM  60-80  160  22C 

XiSTM  10-10  460  47c  Xi42M  16  600  32c 

XISSM  16  460  2SC  X1S3M  100  60  ISc 
XISSM  20  160  23c  K1S4M100-100 

60-20  60  tSc 


The  Editors  are  informed  that  the 
word  “Fathometei"”  is  a  copy¬ 
righted  trademark  of  the  Sub¬ 
marine  Signal  Company  and  was, 
accordingly,  improperly  used  in  the 


Jonqh  pulled  a  good  trick  when  he  got  a  round  trip  ticket  into  the  whole  . .  .  and  we 
think  we  pulled  a  good  one  when  we  found  a  way  of  putting  a  heater  insidt  ow 
vacuum  condensers  to  increase  efficiency  of  our  out-gf.Nsing 


Amperex  vacuum  condensers  are  tops  because  they  are  not  only  made  oi 
the  simplest  and  best  material  for  the  purpose,  pure,  oxygen-free  copper, 
but  because  we’ve  succeeded  in  pulling  a  whale  of  a  lot  of  gas  out  of 
the  condenser  by  our  trick.  It  takes  heat  to  do  it,  and  a  condenser 
having  no  fild^ent  makes  it  quite  a  problem.  But ...  by  our 

Iri 

design,  another  of  those  Amperex  engineering  differences,  we 
can  put  heat  right  inside  the  'vacuum  condenser,  right  up 
against  the  elements  where  it  does  the  most  good.  Of 
>  course  we  use  standard  oot-gassing  techniques,  too,  but  we 

^  found  that  it’s  this  Amperex  difference -that  makes  a 

whale  of  a  difference  to  you,  the  direct  heating  of  the 

f. 

’I  elements  that  makes  sura  the  last  smidgeon  of  gas  is  pumped  out. 


Curious?  The  inside  plate  is  tubular  and  open  to  the  atmosphere. 

We  drop  a  heater  coil  in  there  during  pumping,  cover  the 
Hj^BBkpen  end  with  a  cap  before  finishing.  (See  sketch  abovel 


'"We  realize  that  such  a  design  factor  really  can’t  be  called 
a  “little”  difference,  but  there  are  hundreds  of  big  and 
little  differences  in  design  and  workmanship  thai 
really  make  a  big  difference  in  the  many  types  of 
transmitting,  rectifying  and  special  purpose  tubes 
that  comprise  the  extensive  Amperex  line. 


AMPEREX 

ELECTRONIC 

CORPORATION 


tube  with  Amperex 


2S  WASHINGTON  STREET.  IROOKIYN  1.  N.T. 

Ir  CanoRa  twd  NtwfoundlanR:  Rogtn  Mojttlic 
11-19  IrmSclifft  iRod  iMtidt,  TtrRRto.  ORttri),  CuMt* 


110  to  220  me  frequency  at  max  ratings 
—1*5  to  6.4  lew  typical  Class  C  output 


General  electric  s 

great  1947  series  of 
ring-seal  power  tubes  spells 
more  efficient  performance  to 
those  who  build — or  use — FM 
and  television  transmitters. 
Modern  as  tomorrow’s  tele¬ 
cast,  these  v-h-f  tubes  need 
minimum  neutralization  .  .  . 
are  directly  designed  for 
grounded-grid  circuits  . . . 
meet  in  every  way  the  new  re¬ 
quirements  of  new  station 
equipment  going  into  service. 

Ring-seal  design  —  a  G-E 
development— makes  it  pos¬ 
sible  to  plug  in  a  tube  quickly, 
so  that  time  off  the  air  is  cut 
to  seconds.  Firm  terminal 


contacts  with  wide  surjace 
areas  are  another  ring-seal 
advantage  — moreover,  all 
contacts  are  silver-plated  to 
reduce  r-f  losses.  An  impor¬ 
tant  aid  to  dependability  and 
long  life  is  the  use,  through¬ 
out  the  tube,  of  strong,  en¬ 
during  fernico  metal-to-glass 
seals. 

Your  nearest  G-E  electron¬ 
ics  office  will  be  glad  to  give 
you  prices  and  full  informa¬ 
tion,  as  well  as  arrange  for 
you  to  secure  circuit  applica¬ 
tion  advice  when  desired.  Or 
write  direct  to  Electronics  De¬ 
partment,  General  Electric 
Company,  Schenectady  5,  N.  Y. 


G.E.’s  MANUAL  OF  TRANSMITTING  TUBES  IS  YOUR 
MOST  COMPLETE,  UP-TO-THE-MINUTE  GUIDE! 


Profusely  illustrated — packed  with  performance  and  applica¬ 
tion  data.  Comes  to  you  for  $2.  Also,  for  an  annual  service 
charge  of  $1  new  and  revised  pages  will  be  sent  you  regularly 
as  issued.  Order  direct  from  General  Electric  Company,  en¬ 
closing  payment,  or  giving  authority  on  your  company  letter¬ 
head  to  invoice  you. 

OVER  600  LARGE  PAGES  $2.00 


GENERAL 


ELECTRIC 
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?  SOLAR  CAPACITORS 

Quality  Above  All” 


BUSINESS  BRIEFS 


By  W.  W.  MacDONALD 


•lectronics  edition  •  December  1947 


Printed  Circuits  Symposium 
sparked  by  Bureau  of  Standards’ 
Brunetti  featured  20  speakers,  at¬ 
tracted  700  electronic  engineers  and 
executives  to  Washington.  Dis¬ 
cussed  were  six  methods'  *  of  achiev¬ 
ing  unitized  wiring  .  .  .  printing, 
spraying,  dusting,  stamping,  chemi¬ 
cal  and  vacuum . . .  and  many  manu¬ 
facturing  techniques  in  each  of 
these  categories. 

Highlight  impressions  jfhined 
during  the  meeting  include  these: 
Many  more  manufacturers  than 
most  people  realize  are  working  on 
the  problem.  Widespread  use  of 
new  wiring  methods  is  largely  de¬ 
pendent  upon  the  speed  with  which 
suitable  components  can  be  devel¬ 
oped,  and  this  part  of  the  program 
is  just  getting  started.  Actual  mili¬ 
tary  use  of  the  idea  is  as  yet  limited 
to  a  few  specialties  such  as  the 
proximity  fuse,  but  the  Air  boys  are 
very  much  interested  and  even  in 
the  Army  and  Navy  light,  compact 
gear  has  many  applications.  Sim¬ 
ilarly,  a  hearing  aid  is  the  only  com¬ 
mercially  available  device  we  know 
about '  at  the  moment  that  uses 
printed  circuitry  throughout,  but 
several  leading  radio  receiver  mak¬ 
ers  are  setting  up  pilot  production 
lines  so  that  they  can  check  com¬ 
parative  costs. 

Unitized  wiring  is  destined  to 
play  an  important  part  in  our  busi¬ 
ness.  But  technical  problems  still  to 
he  solved  will  prevent  it  from  revo¬ 
lutionizing  the  field  overnight. 

(1)  Electronics,  p  104,  April  1946. 

(2)  Electronics,  p  194,  May  1947. 

(.3)  Electronics,  p  82,  June  1947. 

(4)  Electronics,  p  158,  July  1947 

(.’))  Electronics,  p  132,  Sept.  1947. 

(6)  Electronics,  p  106  (this  issue). 


ment,  we  once  “started  with  the 
conductors  and  then  put  in  insula¬ 
tion,  and  now  start  with  the  insula¬ 
tion  and  put  in  the  conductors." 


TODAY’S  TREND  IS 
TO  “TWIST-PRONG  ” 
ELECTROLYTICS 


Railroad  Radio  and  inductive 
communications  systems  in  use  rep¬ 
resent  a  substantial  investment. 
Following  is  a  partial  list,  compiled 
by  the  Association  of  American 
Railroads  in  October: 


Atchison.  Topeka  k  Santa  Fe  R  |01,8!>i) 

Baltimore  aud  Ohio  R  7,6.Vi 

Canadian  Pacific  R  11.370 

Chesapeake  k  Ohio  R  13,841 

Chicago,  Burlington  A  Quincy  R  46,720 

Chi.  Milwaukee,  St.  Paul  k  Pac.  R  84,778 

Delaware,  I.ackawanna  k  Western  R  i4,0U0 

Denver  k  Rio  Grande  Western  R-1  109,624 
Elgin,  Joliet  and  Western  R  4,55o 

Florida  East  Coast  R  12,500 

Great  Northern  I  4,081 

.lucksonville  Terminal  Co.  R  16,000 

Kansas  City  Southern  I  63,900 

Ix>iiisiana  k  Arkansas  I  8,600 

Louisville  k  Nashville  I  3,760 

Missouri-Kansas-Texas  R  13,^K) 

Missouri  Pacific  R-I  96,000 

Pennsylvania  I  27,389 

St.  Loiiis-San  Francisco  R  8,0<Mt 

Terminal  RR  Ass’n  of  St.  Louis  1  3,289 

Union  I'acific  R  20,645 

Western  Maryland  R  11,071 

•  R  =  radio,  I  =  inductive. 


SET  designers  today  are  exhibiting  a 
marked  preference  for  Solar  "Twist- 
Prong”  dry  electrolytic  capacitors. 

Tailored  to  modern  set  requirements 
of  long  life  at  high  ambient  tempera¬ 
ture.  high  surge  voltage,  and  low  in¬ 
ternal  impedance,  the  advanced  con¬ 
struction  of  Solar  Type  DY  electro- 
lytics  ensures  maximum  performance 
at  moderate  cost  in  a  modern  electro¬ 
lytic  capacitor. 

The  rigid  new  mounting  base  of 
these  capacitors,  an  exclusive  Solar  fea¬ 
ture,  stands  up  under  vibration.  The 
base  vent  is  positive  in  action.  The  her¬ 
metic  seal  is  positive  and  reliable. 

The  use  of  stable,  high-gain  etched 
foil  gives  not  only  superior  electrical 
performance  but  makes  for  unusually 
small  size.  Special  low-temperature 
electrolyte  is  used  where  set  perform¬ 
ance  requirements  dictate. 

In  conventional  set  designs.  Type 
DY  capacitors  may  be  mounted  above 
the  chassis  in  holes  punched  through 
the  chassis  or  on  laminated  phenolic 
or  steel  mounting  plates,  or  they  may 
be  mounted  horizontally  below  the 
chassis  by  means  of  spring-type  mount¬ 
ing  clips. 

In  the  very  latest  set  designs  with 
plug-in  component  assemblies.  Type 
DY  capacitors  are  used  in  standard 
plug-in  capacitor  sockets. 

Solar  Type  DY  capacitors  are  avail¬ 
able  in  an  extremely  wide  range  of 
capacitances  and  voltages.  For  further 
information,  consult  your  nearest  Solar 
representative,  or  write  Solar  Manu¬ 
facturing  Corix>ration,  1445  Hudson 
Blvd.,  North  Bergen,  N.  J.  Plants  at 
Chicago,  Ill.;  North  Bergen  and 
Bayonne,  N.  J. 


Airborne  Engine  Analyzer  d^ 
veloped  by  Sperry  Gyroscope  auto¬ 
matically  narrows  trouble  down  to 
a  particular  cylinder,  and  some¬ 
times  to  a  particular  valve  or  spark¬ 
plug.  Occasional  misses  are  fre¬ 
quently  shown  up  long  before  the 
pilot  would  otherwise  be  aware  of 
impending  failure. 

We  understand  that  faulty  plugs 
account  for  about  50  percent  of  all 
engine  troubles  in  the  air  and  most 
delays  on  the  ground,  so  the  new 
electronic  gimmick  should  save  air¬ 
lines  much  money  and  also  improve 
schedules.  One  operator  reports 
that  it  takes  his  mechanics  an  av¬ 
erage  of  three  hours  to  find  faulty 
plugs  without  an  analyzer,  30  min¬ 
utes  when  one  is  available.  The  fi¬ 
nancial  importance  of  time  is  em¬ 
phasized  by  another,  who  says  his 
big  four-motored  ships  bring  in 
$800  an  hour  in  revenue. 


Quotes:  At  the  Printed  Circuits 
Symposium  an  airforce  representa¬ 
tive  said  that  what  his  branch  of 
the  service  wanted  in  the  way  of 
electronic  equipment  was  something 
that  “took  no  space,  weighed  noth¬ 
ing  and  did  everything.”  A  manu-  Hotel  Sound  Survey  by  RCA  just 
facturer  responded  that  what  his  before  the  end  of  the  war  covered 

company  was  trying  to  develop  was  108  buildings  in  the  New  York- 

a  product  that  "cost  nothing  and  Philadelphia  area  and  several  mid- 
sold  for  something.”  A  third  western  cities,  indicated  that  all¬ 
speaker  injected  the  intriguing  year-round  commercial  types  hav- 
thought  that  when  wiring  equip-  ing  150  rooms  or  more  (there  are 
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